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ABSTRACT

Two recent computer programs, WRCOMP and ENGINE, by A.
Mathur, were used to examine the performance to be gained by
incorporating a wave rotor component in a turbofan engine with
mixed exhausts. The programs were transferred to a VAX=-2000
computer, extended, and test cases reported by A. Mathur were
successfully reproduced. A comparison was made between
ENGINE, in which real gas effects are accounted for, and ONX
(by J. Mattingly) in which constant specific heats are used.
The inclusion of real gas effects proved to have a significant
impact on the predicted performance. An extension of Mathur's
results was made by varying the overall pressure ratio in the
wave-turbofan engine. Further cycle studies and experiments
to measure wave rotor component performance are

recommended.
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SUBSCRIPT
LPC = £
LPT

HPC

HPT

OPR

min
mout

n = TPR

TABLE OF SYMBOLS

DEFINITION

Fan or low pressure compressor
Low pressure turbine

High pressure compressor

High pressure turbine

Overall pressure ratio

DEFINITION

Low pressure turbine exit Mach number
Exit Mach number for wave rotor component
Bypass ratio

Courant-Friedrichs-Levy condition

Compressor value for specific heat at
constant pressure

Turbine value for specific heat at
constant

Fuel-air ratio
Specific thrust
Altitude (ft)
Enthalpy

Mach number

Mass flow rate in
Mass flow rate out

Total Pressure Ratio




PRLC

PRHC

RREF

SFC

SPR

T = TTR

TIT

Pressure ratio across tne low pressure
compressor

Pressure ratio acruss the high pressure
compressor

Degrees Rankine

Reference density inside the wave rotor
Specific fuel consumption

Static Pressure Ratio

Total Temperature Ratio

Temperature

Turbine Inlet Temperature
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I. INTRODUCTION

Interest by DARPA (Defense Advance Research Projects
Agency) and NAVAIRSYSCOM (Naval Air Systems Command) in
obtaining increased range for unmanned air vehicles (UAV's)
prompted the present study of wave rotor applications in
engines. The wave rotor offers potential to achieve lower
specific fuel consunption (SFC) and higher specific thrust by
allowing increased cycle temperatures without increasing
turbine inlet temperature. The goal of this study was to
examine the potential benefits of incorporating a wave rotor
in a turbofan engine with mixed exhausts. The results showed
that significant benefits could be obtained in both SFC and
specific thrust devsnding upon the selection of other cycle
paraneters.

Chapter II describes the wave rotor concept, presents a
general background on trends in gas turbine technology, gives
a description of a wave rotor engine component and introduces
the two computer programs (ENGINE and ONX) which were used in
the study. Chapter III gives a detailed description of the
ENGINE code and presents a comparison of results obtained with
ENGINE and ONX. Chapter IV gives a description of the WRCOMP
program, which analyses the unsteady wave rotor flow, and its
interface with the ENGINE program. Chapter V gives results

obtained using the codes for the performance of a turbofan




with mixed exhausts, with and without a wave rotor component.
Conclusions and recommendations for further work are given in
Chapter VI. Details are given in the appendices. Appendices
A and B contain procedural guides, sample results and program
listings for ENGINE and WRCOMP, respectively, while Appendix
C describes file transfer and graphics procedures which were

used in the course of the study.




II. BACKGROUND

A. POTENTIAL FOR WAVE ROTOR APPLICATIONS IN ENGINES

A wave rotor is a partial admission device which causes
one gas to compress another by wave propagation [Ref. 1:p. 1].
A series of straight compression tubes are aligned on a rotor
encased in a drum. The rotor rotates on a fixed axis. Flow
in and out of the wave rotor is steady while flow inside the
wave rotor tubes is unsteady. Figure 1 shows an example of a
wave rotur component. The single wave rotor component serves
the same function as the combination of a compressor and a

turbine mounted on the same shaft.

Comprested ak

27

Figure 1.

Figure 2

Wave Rotor Component ([Ref.

axially mounted wave rotor component.

l1:p.

294)

shows a turbofan engine configured with

an




Figure 2. Wave Rotor Turbofan Engine [Ref. 1l:p. 293)

Development of wave rotor devices for engines began in the
early 1950's. By the early 1960's, gains were achieved in
performance through improved seal design and improved timing
of the waves arriving at inlet and outlet ports ("tuning")
[Ref. 1:p 174). Few developments were attempted after the
1960's, except by Brown-Boveri in Switzerland. The Brown-
Boveri "Comprex" is presently being produced as a commercial
supercharger and is available in trucks, heavy equipment and
Mazda diesel automobiles. Reference 1 provides a comprehen-
sive review of wave rotor technology.

Wave rotor components have promising applications in small
engines in the 600 to 1000 1lb. thrust range. Such engines
have applications in cruise missiles, remotely piloted
vehicles (RPV's), helicopters and small thrust turbofans. The
more conventional epproach, however, has been to pursue

increased turbine inlet temperatures in conventional gas




turbine engines to achieve the desired improved performance.
However, in the process, the requirement for turbine cooling
also increased. The wave rotor offers the potential to
increase performance without the attendant necessity for
cooling.

Studies of engine performance indicate that a wave rotor
component must be included in the initial cycle optimization
rather than be added to an existing engine design. Wave rotor
components require, optimally, different compressor and fan
pressure ratios. The inclusion of a wave rotor reduces the
number of stages required for compression to a constant cycle
pressure ratio and allows higher maximum temperatures in the
cycle for the same turbine inlet temperature. Performance
predictions for gas turbine engines incorporating wave rotor
components show decreased specific fuel consumption and
increased specific thrust for any fixed value of turbine inlet
temperatures.

Figure 3 shows the gains that are thought to be achievable
in the performance of small engines [Ref. 1l:p. 292)]. In Figure
3, "near term improvements" include higher rpm (for a given
engine size) and higher turbine temperatures. "“New engines"
will include composites, ceramics, or new materials. Some
current "revolutionary engines" include the compound cycle,
the eccentric, the recuperated and the wave rotor engine [Ref.
l:p. 292]. The conventional, eccentric and the recuperated

engines are fundamentally limited by the maximum allowable
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Figure 3. Trends in Engine Development [Ref. 1l:p. 292]

turbine inlet temperature (TIT) [Ref. 2:p. 60]. The wave
rotor engine is the only engine that promises significantly
increased performance without requiring an increase in TIT

[Ref. 1:p. 293}.

B. ENGINE PERFORMANCE CODES

Two engine performance codes were available for the
present study, ENGINE and ONX. There were some differences
between the two programs. ENGINE calculated real gas effects
based on fuel-air ratio and temperature, while ONX used

constant specific heats at the compressor outlet and




downstream of the turbine inlet station. In both programs,
the engine performance is obtained by equating power balances
across the turbinz and compressor sections, and describing an
expression for the enthalpy rise a  oss the burner section.

Program ENGINE was developed by A. Mathur ([Refs. 3; 4],
and uses notation developed by Vavra [Ref. 5], and Vanco
[Ref. 6]. The program calculates the performance of a
turbofan engine with mixed exhausts with and without the wave
rotor component.

Program ONX was developed by J.D. Mattingly [Ref. 7], and
it uses methods and notation developed by G. C. Oates [Ref.
8]. The program calculates the performance for a variety of
engine configurations including a turbofan with mixed

exhausts.

C. WAVE ROTOR INTERNAL FLOW DESCRIPTION

In 1984, A. Mathur developed a FORTRAN program (WRCOMP) to
analyze the unsteady processes in wave rotors ([Ref. 9]. A
detailed description of the analysis and code are provided in
Reference 9. WRCOMP uses a 1-D, random choice method (RCM) to
solve the hyperbolic, nonlinear conservative system of
equations by solving localized Riemann problems. Shocks have
sharp resolution. Discontinuities are modelled as jumps. The
code is first order accurate in time and it is unconditionally

stable. Further explanations and details on the Random Choice




Method are given by Glimm [Ref. 10], Chorin [Ref. 11], and Sod
[Ref. 12].

WRCOMP calculates the unsteady process inside the wave
rotor, outputs the inlet and outlet port opening and closing
times required for correct design, and computes the perfor-
mance of the wave rotor given the total pressure ratio (TPR),
the static pressure ratio (SPR), the exit Mach number (AMEXIT)
and the (initial) reference density inside the wave rotor.
The performance calculations depend on a favorable comparison
for the mass flow rate into and out of the wave rotor
component. The outputs from WRCOMP are used as inputs to
engine performance calculations performed using the ENGINE

code.




IIT. ENGINE PERFORMANCE CODE

A. DESCRIPTION OF THE CODE

A complete listing, procedural guide and sample results

for ENGINE are provided in Appendix A. The code incorporates

modular subroutines to calculate each section of the engine

cycle.

A complete derivation of the code can be found in

Reference 4.

The following changes were made to improve the utility of

the code:

(1) The original data statement format was modified for a
user input interface;

(2) A pop-up menu depicting the configurations was added
(see Appendix C for details):

(3) An altitude tzable was incorporated to automate ambient
conditions using Reference 13;

(4) A graphics plotting routine was added using GRAFkit
software, Reference 14;

(5) A loop was constructed to increment for:

a) bypass ratio,
b) fan pressure ratio,
C) compressor pressure ratio,

d) LPT exit Mach.

A complete listing of the input parameters and a sample output

result appears in Appendix A.

ENGINE (and ONX) computes engine performance in terms of

uninstalled specific thrust and specific fuel consumption.




The uninstalled specific thrust is defined as the thrust per
unit mass flux through the engine and determines the encine
size. The specific fuel consumption is the mass flow rate of
fuel per unit thrust and determines the range. A power
balance is written for each turbine and compressor spool. An
enthalpy rise is written for the flow through the combustor.
ENGINE uses loss coefficients and efficiencies to account for
component performance. The program also uses real gas effects
based on fuel air ratios and temperature. In contrast, ONX
uses pressure ratios and polytropic efficiencies to account
for component performance and assumes constant specifi. heats
across the compressor (Cp.) and downstream of the combustor
(Cp.) . A necessary step, prior to the use of ENGINE, or
comparison between ENGINE and ONX, was to reproduce the
results reported by A. Mathur in Reference 4. These results
were successfully duplicated using the inputs given in
Reference 4 and Appendix A.

To achieve an accurate comparison between ENGINE and ONX,
the polytropic efficiencies required in ONX were computed from
the outputs of the ENGINE code using the component efficien-
cies, the actual and isentropic pressures and temperatures,

and gamma. A sample calculation is provided in Appendix A.

B. COMPARISON WITH ONX CODE
Since engine cycle calculations are greatly affected by

the inputs, especially the component efficiencies, an accurate




comparison between ENGINE and ONX could only be performed if
the flight parameters, the design choices, the design
limitations and the component efficiencies were the same.
Flight parameters include the flight Mach number and the
altitude. Design choices include the maximum temperature in
the burner, the lower fuel heating value, the maximum turbine
inlet temperature, the low pressure turbine exit Mach number.
the compressor pressure ratio, the fan pressure ratio, the
bypass ratio, etc. Fans, compressors, burners, turbines and
nozzles are characterized by component efficiencies, which are
tho Zclplinmeits to the loss coefficients. The simplest test
case for comparison of ENGINE and ONX was the non-afterburning
turbojet. ENGINE calculated the turbojet case by setting the
bypass ratio equal to zero.
1. TURBOJET

With all input and component performance parameters
matched, the results of ENGINE were compared to those of ONX
for the case of the turbojet. The results are shown in Table
I. For the ONX (1) case, the Cp. and Cp, were selected to be
in the range that Mattingly referred to as "typical" values
[Ref. 7:pp. 116, 438]. The ONX (2) values for Cp. and Cp, were
the result of numerous iterations using ONX to try to achieve
agreement with ENGINE. The ONX (3) values for Cp, and Cp, were

obtained by computing the average values for Cp, and Cp, from

11




TABLE I

TURBOJET PERFORMANCE COMPARISON

M, 0.79, h=35000 ft.

ENGINE: F/m 41.88 1bf/(lbm/sec)

SFC 0.899 (1lbm fuel/hr)/lbf thrust
ONX ONX ONX
(1) (2) (3)
Typical Values req'd Average
Specific for from ENGINE
heats agreement results
Cp. 0.235 0.235 0.2434
Cp. 0.295 0.251 0.2508
F/m 55.18 40.04 35.94
SFC 0.992 0.954 1.001
%
Difference 31.76 4.38 14.18
F/m
%
Difference 10.34 6.10 11.34
SFC

the ENGINE program output data. The differences were seen to
be surprisingly large

A comparison table was constructed of the pressure and
temperature into each component to trace where the
calculations began to diverge. The divergence was found to
occur in the enthalpy rise calculation across the combustor.

For ONX, the enthalpy rise gives the fuel-air ratio (f) as

12




CoxT ;~CD XT,

£=
[CDexTeerhyxn ] -Cp xTy,

(1)

and the test case in Table Y gave f = 0.0152. For ENGINE, the

fuel-air ratio equation was:

sz(Tt4)_A(Tt3) +fix[B(tt4) _B(ttj)] (2)
(CDxTpp+ 1y x0 ,1 =B(Tyy)

where,
LG c, C, c,
AT = Cxle 5P T T (3)
and
D, D D D
B(T) =D xT+—2xT?- 2 xT>+ =2 xT- 2 xT® (4)
- 2 3 4 5

With £, = 0.0 (f prior to the burner),the test case designated
ONX (1) in " 1le I gave f = 0.0103. Thus ONX calculated a
32.24% higher value for the fuel air ratio than did ENGINE.
The question then was, can agreement be obtained between ONX
and ENGINE using any reasonable values of the Cp's in ONX.
The result of an attempt to achieve such agreement is shown as
ONX (2) in Table I. Using Cp., = 0.235 and Cp, = 0.251, the
disagreement in specific thrust was reduced to 4.4% and in SFC
to 6.1%. It is noted here that the Cp value for air at the

temperature at the exit of the combustor (1860°R) in the

13




present example is Cp = 0.271, considerably higher than the
value required to approach agreement.

One further attempt was made to compare the code
predictions for a turbojet. Values of Cp were calculated at
the inlet and outlet stations of the compressors and turbines
using the enthalpies calculated at the stations by ENGINE in
the expression, h = CpT. An average of the in and out values
was then used as an input to ONX. The results are shown as
ONX (3) in Table I. The strong sensitivity of the performance
to the values used for the specific heats is evident in the
comparison of the results of ONX (3) with ONX (2).

The selection of Cp values, therefore, had a
significant affect on the performance calculations for
specific thrust and specific fuel consumption. In order to
examine the sensitivity to specific heats, ONX was run with
varying Cp, and varying Cp,. Figures 4 and 5 show the affect
that Cp, and Cp. had on the specific thrust and SFC given by
the ONX code. The sensitivity to the selection of the input
values for ONX is clearly evident in these figures.

A complete deviation of the real gas equations
programmed in ENGINE can be found in Reference 3. Further
details can be found in References 5 and 6. In short, the
stoichiometric combustion equation for a general hydrocarbon
fuel (CH,), is expressed as a polynomial expansion. The

constants in the expansion C, to C; and D; to D; in Equations

14




120 —,

' L ' L | L ] v [ v , T ' LS ' L ' T
!
e L J1.4a
4
100
L 41.2
90 | -
' :
L ONX\. £
-ee —_ » v — qr.e’
~ -]
D -—
“710 |- ~
t
- 4 .8 <
60 | o
: s
|8 -
Fsa | . .S
v — P
- \/ -~
;49 ‘/ |
[ ] (]
8 L 1 5
.38t ONX - o
-r o]
2e
4 .2
10 |-
i
-] ) 1 a1 1 1__ 4 i ! 1 U W S | 1 1 1 1 1 "]
.2e¢ .2y .22 .23 24 25 26 .27 .28 .29 .3@

Cpt

Figure 4. Effect of Cp, on Specific Thrust and SFC

(Y.=1.4, y,=1.350, Cp. = 0.2434)

(3) and (4) are deiived from the constituents of the combus-
tion gases. The final form of the enthalpy rise for the
combustor is given as Equation (2). Thus Cp is effectively,
and properly, a function of fuel-air ratio and temperature.
Since the ENGINE code calculated the enthalpy using the fuel-

air ratio and temperature rather than maintaining constant
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values for specific heats, the ENGINE code results were now

considered to be more reliable than the ONX results.

2. TURBOFAN

After successfully reproducing A. Mathur's results
[Ref. 4:p.7) for a turbofan with mixed exhausts, a comparison

between ENGINE and ONX was carried out for the same engine.

" 16




The average values of Cp's given by the ENGINE results were

input into ONX.

The results are presented in Table II.

The

percent differences in the specific thrust and SFC, predicted

by ONX in comparison to ENGINE were 11% and 23% respectively.

[Ref.

4:p. 7)

TABLE II

TURBOFAN PERFORMANCE COMPARISON

M,= 0.79, h=35000 ft.

ENGINE [Ref.

4:P.77]:

F/m = 30.185 1lbf/(lbm/sec)

SFC = 0.832 (lbm fuel/hr)/1bf thrust
ENGINE ONX
Cp.=0.2434
Cp,=0.2508
F/m 30.18 33.837
SFC 0.832 1.0926
%
Difference 0 10.8
F/m
%
Difference 0 23.8
SFC

17




The bypass ratio was varied keeping other parameters
fixed. Using ENGINE, a very narrow rande of bypass ratio was
found for which the static pressures of the bypass stream and
the core flow could be equal at the constant pressure splitter
plate aft of the low pressure turbine. The results in Figu.-e
6 show that common trends were obtained with ENGINE and ONX.
As bypass ratio was increased, both SFC and specific
thrust decreased. However, the effect on specific thrust was
the largest. In fact, only a 5% decrease in SFC could be

obtained at the cost of a 20-30% decrease in specific thrust.
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Figure 6. Engine Performance Trends for ONX and
ENGINE Varying Bypass Ratio
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To complete the comparison of ENGINE and ONX and to
examine the predictions of the ENGINE program, the following
parameters were varied and the results obtained for specific
thrust and SFC were plotted in the indicated figures: 1) exit
Mach number from the LPT (Figure 7); 2) maximum temperature in
the combustor (Figure 8); 3) fan pressure ratio (Figure 9):

and 4) compressor pressure ratio (Figure 10).
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Figure 7. Effect of LPT Exit Mach Number (AMACHS)
on Specific Thrust and SFC

(M, = 0.79, h = 35,000 ft, n, = 2.3, n, = 10.87, TIT = 1860°R)
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As shown in Figure 7, the LPT exit Mach number had
little effect on the specific thrust or on the SFC.

In Figure 8, results are shown for varying turbine
inlet temperature obtained using ENGINE with bypass ratio
allowed to vary and with ONX with bypass ratio fixed. 1In the
cases shown in Figure 8, the bypass ratio of ENGINE was
allowed to vary such that the static pressure at the splitter
plate, where the bypass air is mixed with core air, was
matched. The mixed exhaust forced higher values of bypass
ratio as the TIT was increased. The higher bypass ratio
allowed the specific thrust to remain fairly constant. Since
significantly more air was bypassed, less fuel was required to
produce the same specific thrust as the TIT was increased.
Since the bypass ratio increased, the SFC decreased as the TIT
increased.

The results from ONX plotted on Figure 8 show the
effect of increasing TIT while keeping bypass ratio constant.
Fixing the bypass ratio resulted in increased specific thrust

but at the price of increased SFC.
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Figure 8. Effect of Varying TIT on Specific Thrust and SFC

(M, = 0.79, h = 35,000 ft, n;, = 2.3, n, = 10.87, TIT = 1860°R)

The range of fan pressure ratio was taken to be
between 1.0 and 4.0. Figure 9 shows the performance
calculated as the fan pressure ratio was varied between 1.0
and 3.4. ENGINE required that the bypass ratio vary to
satisfy the equal-static-pressure condition at the splitter
plate. A very narrow band of fan pressure ratios was obtained
if the bypass ratio was also specified. ONX produced a

broader range of values for a specified bypass ratio.

21




120

MRLA L v L) v T ¥ 1 M T T | ¥ T ¥ T v
-
41.4
10+ ENGINE

1 B varies
100 |- -

! 4.2
ool l ‘;’
T 1 £
2 - LONX .
:BB - \ - 41 _
-~ n F.
L -—
- -

v - ./oéclu <
p:0.3 4 8
w0} >
Tt 2
£
- [
050 - 4 62
: o /
T o
a 1 ot X d a4
30 | .
< ENGINE ®
20 | « P:03
| 4 .2
ENGIMNE
18+ P varies 3
L -~
) I ll SN B i n ! A 1 1 i 1 1 ] — e
2] 1 2 3 4 s 6 7 B8 9 10

PRLC

Figure 9. Effect of Varying PRLC on Specific Thrust and SFC

c

(M, = 0.79, h = 35,000 ft, =, = 10.87, TIT = 1860°R)

The result of varying compressor pressure ratio is
shown in Figure 10. The bypass ratio was fixed at p = 0.5.
ENGINE predicted a minimum SFC for compressor pressure ratio
range between 11.5 and 12.5 (whereas the minimum predicted by
ONX was greater that 20). It is clear from the curves in
Figure 10 that a pressure ratio less than that for optimum SFC
would be chosen to obtain a significant improvement in

specific thrust.
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IV. WAVE ROTOR ANALYSIS

A. SUMMARY DESCRIPTION

The wave rotor component and the combustion chamber can be
considered to be combined to form a two port component called
a gas generator. Other models of the wave rotor component are
possible, but the gas generator model is the most straight-
forward. The equations and code for the wave rotor flow
modeling used in the WRCOMP program are described in
Reference 9. The equations for the wave rotor component as a
gas generator included in the ENGINE code are derived in
Reference 4. Figure 11 shows an unwrapped wave rotor and a
simplified wave diagram [Ref. 1:p. 38). Reference 1 describes
the gas generator process as a filling, emptying, filling and
emptying process.

The process can equally be described as two scavenging
processes separated by periods of stationary flow within the
rotor. There is a low pressure scavenge at station (4) and a
high pressure scavenge at station (2). The combustion exhaust
gas initially compresses the air inside the wave rotor and
then 1is scavenged to (4) by the incoming air at the 1low
pressure port (1). When the high pressure exhaust port opens,
the high pressure gas inside the wave rotor exits to the HPT

and effectivz2ly scavenges the wave rotor [Ref. 15:p. 63].
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Figure 11. Unwrapped Wave Rotor Component [Ref. 1l:p. 38]

In the ENGINE program, the gas generator is modelled as an
internal combustion process in which a gain in total pressure
and a rise in the total temperature is achieved. The
performance of the gas generator is expressed as a function of
the static pressure ratio, the total pressure ratio and the

total temperature ratio across the inlet ports [Ref. 3:p. 14].

B. INTERFACE WITH ENGINE PERFORMANCE CODE

WRCOMP can be run alone or in conjunction with the ENGINE
code. Since the VAX system operates in windows, both programs
can be run simultaneously. Both procedures for running WRCOMP
are outlined in Appendix B. The original code used data
statements in SI units. It was modified to accept input

pressures in psi, temperatures in °R, density in 1lbm per ft?,
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gamma, fuel air ratio (f), and wave rotor exit Mach number.
In the coding, the analysis is nondimensionalized to the input
parameters. An output file, WRPERF1.0UT, was incorporated to
store the input parameters and to convert the English units to
SI units. Routines were added to compute the procedures
outlined in Reference 4 and to send the output to WRPERF1.0UT.
The DISSPLA plotting routines were disabled. 1In practice,
WRCOMP is run until the mass flow into the wave rotor is equal
to the mass flow out. Adjustments are made progressively to
RREF, the reference density inside the wave rotor, until the
mass flows are equal. For 1681 iterations, a CFL number =
0.6, a grid cell width of 0.01, and performing 20 Riemann
iterations, the total run time was about 14 minutes on the
VAX. An example output is presented in Appendix B.

From experience with WRCOMP and ENGINE, it is easier to
keep the overall pressure ratio constant for a series of test
cases. By keeping the overall pressure ratio constant, the
outlet pressure from the HPC stays the same. If the outlet
pressure from the HPC is the same and the performance
parameters for the wave rotor are kept the same, then the
value for the reference density which satisfies the mass flow
solution for WRCOMP also stays the same.

In practice, it is better to vary the overall pressure
ratio and maintain the same turbine inlet temperature. This
allows optimizing the fan, the compressor and the wave rotor

based on realistic cycle constraints.
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V. LOW BYPASS TURBOFAN CYCIE CAICULATIONS

A. GENERAL CONSIDERATIONS

The present work has been concentrated on the low bypass
turbofan engine, and what performance improvements can be
obtained by incorporating a wave rotor component. The initial
calculations have been made without reference to a specific
vehicle and mission. Considerations which wunderlie the
calculations and which limit their scope are discussed in the
following paragraphs.

The characteristics of low bypass turbofans provide a
reasonable match to the performance requirements for cruise
missiles and RPV's. However, the design limitations for the
components of a cruise missile may vary significantly from
those of an RPV, even though the two engines may have very
similar thrust requirements. A cruise missile may require
compact packaging and "low cost design" as it is considered a
"throw-away" or one-time-use engine, thereby relaxing the TIT
and cooling requirements. An RPV may require a lower TIT to
prolong its service life.

Some limitations are inherent in the bypass engine type.
A turbofan with mixed exhausts may be bypass ratio limited.
The bypass air is mixed with the core air at the splitter
plate, where the static pressures must match. If the Mach

number of the bypass air is too low, the losses are too great.
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Reasons for mixing the exhaust streams are to reduce engine
noise and to reduce the IR signature by reducing the
temperature of the core air by mixing vith the cold bypass
air. There is an improvement in performance ideally if mixing
occurs internally when there is a large temperature difference
between the two streams. [Ref. B8:pp. 165, 172]

The present representation of the wave rotor component is
somewhat limited. The modeling associated with instantaneous
port opening and closing may require further investigation.
Slow port openings may provide more efficient wave rotor
operation at length to width ratios below three and stagnation
pressure losses are predicted to increase as the length to
width ratio increases from three to six [Ref. 1l:p. 236].

In performing cycle calculations, care must be taken to
use realistic inputs for the wave rotor pressure ratio.
Reference 1, p. 18, suggests some practical limits. As the
static pressure ratio (SPR) increases, the efficiency of the
wave rotor dccreases. For good efficiency, total pressure
ratios should be about 2.0. In the gas generator model, or
pressure gain combustor, the total pressure ratio (TPR) should
range from 1.1 to 2.0, corresponding to a total temperature
(TTR) range between 1.5 to 3.8 [Refs 14; 15:p. 707].

The treatment of the wave rotor as an ideal component in
the engine cycle is a limitation which eventually must be
removed. The engine SFC and specific thrust depend greatly on

the component efficiencies used in the performance
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calculations. Their affects are not always obvious. A key
parameter in turbofan engine design is the bypass ratio. As
the bypass ratio increases, specific thrust decreases but SFC
decreases to a minimum and then increases [Ref. 8:p. 163].
The optimum arrangement becomes dependent on the efficiencies

attained by the individual components.

B. RESULTS

A study was conducted using WRCOMP and ENGINE to compare
a turbofan with mixed exhausts and incorporating a wave rotor,
with the baseline engine operating with the same turbine inlet
temperatures. Table III lists the input parameters used in
the comparison. A list of the component efficiencies is given
in Appendix A.

In maintaining a constant TIT, the effect of adding a wave
rotor component to the turbofan was to change both the SFC and
the specific thrust. The results obtained for an engine
designed with a wave rotor component operating in a gas
generator mode are shown in Figure 12.

For each run the fan pressure ratio (mn;) was fixed and the
compressor pressure ratio (n.) was varied. Initially, the
bypass ratio was allowed to vary to satisfy the equal-static-
pressure requirement at the splitter plate, for a mixed
exhaust. The calculated bypass ratio for all the test cases
ranged broadly from zero to three. The overall pressure ratio

was varied by fixing the fan and the wave rotor pressure

29




TABLE III

RANGES OF INPUT PARAMETERS IN ENGINE COMPARISON
S

M, = 0.79 BASELINE TURBOFAN WITH
h = 35000 ft TURBOFAN WAVE ROTOR
TIT = 1860
M., = 0.4
B (bypass ratio) 0.5 varied
T, 2.3 2.3 - 3.8
n, 10.87 3.4 - 10.87
ﬂOPF. 25.0 15 - 32
Ty - 1.6
Static Press. - 0.4
Ratio

ratios and varying the compressor pressure ratio. The fan
pressure ratio was then increased. At each fan pressure
ratio, a specific range of values was obtained for the
compressor pressure ratio for which valid solutions existed.
As the fan pressure ratioc was increased, the feasible range of
values for the compressor pressure ratio decreased (the best
performance range for the overall pressure ratio was from 22
to 26), and the bypass ratio decreased. For example, for
approximately the same TIT = 1860 and ngz = 23.6 and for n, =
2.3 then =, = 6.4 and p = 1.802; for n, = 2.8 then n_ = 5.3 and
B — 1.144. With the wave rotor incorporated, the SFC was

consistently lower than the baseline turbofan. The specific
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Figure 12. Effect of Varying PRHC and PRLC for a
Turbofan with a Wave Rotor

(M, = 0.79, h = 35,000 ft, AMACH8 = 0.4, P varies)

thrust was also higher than the baseline engine except for the
case of n, = 2.3,

Since a large bypass ratio may not be acceptable for a
cruise missile (a larger bypass ratio would require a larger

fan size which may not meet the packaging requirements), the
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bypass ratio was set to p = 0.5, and the runs repeated. The

results are given in Figure 13. A much smaller range of

feasible compressor ratios resulted.
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Figure 13. Effect of Varying Compressor Pressure
Ratio at B = 0.5 for a Turbofan

(M, = 0.79, h = 35,000 ft, AMACH8 = 0.4, P varies)
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Table IV shows the trade-off between % change in SFC and
specific thrust (referred to the baseline turbofan engine) as

the fan pressure ratio was changed.

TABLE IV

PERCENT DIFFERENCE FROM BASELINE ENGINE
e

FAN PRESSURE % DIFFERENCE % DIFFERENCE
RATIO SFC F/m
2.3 ~-15.62 -16.83
2.8 ~10.22 + 9.01
3.0 - 8.05 +19.38
3.2 - 7.33 +23.79
3.4 - 5.65 +32.07
3.6 - 4.09 +39.76
3.8 - 3.12 +44.86

Since it was not obvious that the improved performance was
due to the wave rotor, the baseline engine performance was
calculated as the fan pressure ratio was varied from 2.0 to
3.5. The results are shown in Figure 14. It can be seen in
Figure 14 that, as the fan pressure ratio was increased, the
SFC increased very slightly and the specific thrust was also
almost constant. Thus the improved performance in Table IV

was a direct result of the wave rotor.
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Figure 14. Effect of Varying the Fan Pressure Ratio
for the Baseline Turbofan

Table -~ summarizes the results of the comparison of the
baseline turbofan with an engine that incorporates a wave
rotor component. The baseline performance is shown compared
to the wave rotor turbofan with the same turbine inlet
temperature (TIT), the same bypass ratio (B), or the best
specific thrust (ST). Of interest to a missile application,
a 9% increase in specific thrust and a 7.3% decrease in SFC

was obtained by incorporating a wave rotor into the baseline
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=turbofan and increasing the fan pressure ratio to 2.8, while
maintaining § = 0.5.

Table V also infers other options available in particular
applications. For example, if the capture area was not a
design limitation, a higher bypass ratio (f = 0.91) and fan
pressure ratio (n, = 3.0) could improve the specific thrust
(ST) by 16.5% and decrease the SFC by 6.2% while operating at
the same TIT = 1860. Similar improvements in specific thrust
(ST) and SFC were obtained for lower values of TIT at the

specified mn;, as shown in the "best ST" entry in Table V.
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TABLE V

COMPARISON OF BASELINE TURBOFAN WITH WAVE ROTOR TURBOFAN

CONFIG | n, n, Topr p TIT ST SFC $ %
°R 1bf | 1lbm DIFF | DIFF
bm hr ST SFC
sec 1bf
BASE- 2.3 10.8 25.0 .50 1860 30.2 .832 - -
LINE
WR:
SAME 2.3 6.4 23.6 1.8 1856 25.6 . 727 -15 -12
TIT
SAME | 2.3 5.0 18.4 .50 1443 26.1 .744 -13 -11
B
BEST 2.3 4.4 16.2 .03 1267 26.2 .744 -13 -11
ST
SAME 2.8 5.3 23.7 1.1 1876 32.6 .762 8.0 -8.4
TIT
SAME 2.8 4.6 20.6 .53 1624 32.9 .771 9.0 ~7.3
B
BEST )] 2.8 4.0 17.9 .06 1409 33.1 .773 9.6 -7.1
ST
SAME 3.0 4.9 23.5 .91 1859 35.2 .780 16.5 ~-6.2
TIT
SAME 3.0 4.4 21.1 .48 1665 35.4 .782 17.3 -6.0
p
BEST 3.0 4.0 19.2 <17 1511 35.6 .780 17.8 -6.2
ST
SAME 3.8 3.9 23.7 .44 1874 44.3 .832 46.7 0
TIT
SAME 3.8 4.0 24.3 .53 1923 44.2 .832 46.5 0
p
BEST 3.8 3.8 23.1 .36 1825 44.3 .832 46.9 0
ST
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VI. CONCLUSIONS AND RECOMMENDATIONS

In the present study, the computer codes ENGINE and WRCOMP
were installed and successfully operated on a VAX computer
system. Modifications were made to enhance the utility of the
programs and the results reported by the codes' author, A.
Mathur, were reproduced.

Comparisons between the predictions of ENGINE and ONX (by
J. Mattingly) led to the conclusion that the use of constant
specific heats in ONX leads to less accurate results than can
be obtained with ENGINE, which includes real gas behavior
throughout. Indeed, the predictions of ONX were found to be
highly sensitive to the input values of specific heats.

In first attempts to use the codes to examine the
potential benefits of incorporating a wave rotor component in
a mixed-exhaust by-pass fan engine, it was found that benefits
were available which could not be obtained by varying the
conventional engine components. For example, while
maintaining the same by-pass ratio, a 9% increase in specific
thrust and 7.3% decrease in SFC were predicted if, in addition
to incorporating the wave rotor, the fan pressure ratio was
increased from 2.3 to 2.8. 1Increases in specific thrust of
almost 47% could be obtained with no change in SFC by

increasing the fan pressure ratio to 3.8.
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These results show that engines incorporating wave rotors
can have improved performance over conventional gas turbines
which are limited to the same turbine inlet temrersture
levels. Further extensions of the ENGINE code

(1) to include other engine types

(2) to include friction and heat transfer in the wave rotor
simulation

are recommended. Also, studies to examine the effects of
varying static pressure ratio and stagnation pressure ratio
across the wave rotor, and of increasing turbine inlet
temperature, should be carried out.

Finally, an experimental program to validate the wave
rotor flow predictions and performance levels used in cycle

studies, is requirec.
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APPENDIX A

PROGRAM ENGINE

PROCEDURES
l. Log on to the VAX
2. At the DCL prompt type:
$gksetUp.ceeeeoeens .....initialize GRAFkit software
Suis Ceceeereseraenaa sends plots to screen
$run ENGINElA....... .+...runs ENGINE program
........... select options from screen
3. To make changes in ENGINE1lA.FOR:
$gksetup = ...... csee...0nly required once
$uis caes e cesess
Sedit ENGINE1A.FOR ....to enter edit mode
*C i eeees cecens to enter full page editing
<CNTRL/Z> teeeesssaccsa exits edit mode
*exit @ L.iiiieeeenn .saves changes, DCL prompt returns
SFORTRAN ENGINEIA ..... compiles FORTRAN code
$1ink ENGINE1A,'GKL' ..links ENGINE1lA and GRAFkit
Srun ENGINE1A
........... ...follow screen instructions
4. To send your results to a laser printer:

$gksetup  ....... initialize GRAFKit
........ environment
$1no32 cesesssssess.Sends output to laser printer

$define gk out plot.dat .sends output to <fn>.<ft>
ceccsesseaann where plot.dat is your output

ceeesssssssssfile name

$1n03s _ SP «ceeeecsnn .....0output to laser for square
cesesecseseas plot

$run ENGINLIA ...........f0llow screen instructions

® 5 ¢ e e 0 s 0 o v o o o

$pr1nt/passa11/que 1n03 plot.dat
cecseccacans .plot.dat is the same file above

Note: Since the results are sent to an output file,
"plot.dat", they will not appear on the screen.

39




B. POLYTROPIC EFFICIENCY SAMPLE CALCULATIONS
The following sample calculations use the ENGINE output
sample results from Section C in Appendix A.

Compressor efficiency:

In terms of cycle parameters,

ideal work interaction

A(l
actual work interaction (1)

MNe =
for a given pressure ratio. 1In terms of cycle parameters,
Y1

n Te -1 A(2)

Ne = T -1

Compresseor polytropic efficiency:

For a given differential pressure ratio,

Ideal work interaction

= A(3
¢ actual work interaction (3)
The relationship with compressor efficiency is.,
Y1
TC=1ICYC'ec A(4)
so that
-1
In <, Yo ‘ln =, A(5)
YC ' eC
or
-1 In=x
R A(6)
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For the fan (LPC):

From ENGINEl.DAT:

giving, with Egq. A(S6),
e, = 0.8772
For the high pressure compressor (HPC):

From ENGINEl.DAT:

Y. = 1.3870
c:_}2_7'_0 = 10.8547
11.7

giving, with Eg. A(6),

e, = 0.9132

Turbine efficiency:

For a given pressure ratio,

actual work interaction

BN =

In terms of cycle parameters,

41
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Turbine polytropic efficiency:

For a given differential pressure ratio,

actual work interaction

e, =

The relationship to turbine efficiency is

e, * (y,.,1)
- Y
T, =T, :
so that
y.,-1
lInt,=e,*—-— +1Inm,
Y
or
In~t
e, = Ye . t

Y.-1 1ln=xn,

For the high pressure turbine (HPT):

42

ideal work interaction

A(8)

A(9)

A(10)

A(11)

A(12)




From ENGINE1l.DAT:

Y. = 1.3436
22.8

= = (.1851
£ 123.2
1295

= = 0.6962
t 1860

A(12),

giving, with Eqg.
e, = 0.8392

For the low pressure turbine (LPT):

Y. = 1.3612
11.6

T, = = 0.5088
¢~ 22.8

1, = 2224 - o.8525
1295

giving, with Eq. A(12),

e, = 0.8899

ENGINE was modified to calculate the polytropic efficiency for

comparison with ONX.
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C.

SAMPLE RESULTS

1. NOTATION COMPARISON FOR ONX AND ENCIWE
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2. BASELINE ENGINE CALCULATIONS
a. DATA INPUT
Flight parameters:
M, = 0.79
h = 35000 ft.
Pso= 3.468 psi....\ (calculated within
| the program)

Tee= 394.1 °R ..../

Design Choices:

Tewer = 520 °R
FLHV = 18000 BTU/lbm-Kk
LPT exit Mach number (AMACH8) = 0 4

n, = PRLC = 2.3

. PRHC = 10.8696

Component Figures of Merit:

n, = ETALC = 0.86
n. = ETAHC = 0.88
N ,pr = ETAHT = 0.87
N,pr = ETALT = 0.90
n, = ETACC = 0.96

Maximum Component Temperatures:

Teaxce = 1860 °R

Toaras = 3400 °R

Toare: = 2085 °R
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Aircraft System Parameters:
XI = HPT coolant air = 0.0

Bypass ratio = B = 0.5

Component losses:

0.02
0.03
0.02 if AB off
0.06 1f AB on

A yp = BPLOSS
«c = CCLOSS
A ,p = ABLOSS

1]
"

Miscellaneous:

Mipay = PIMAX = 0.97
Tippay = PIDMAX = 0.97
VCOEFF = 0.97

With the Wave Rotor:

0.4

Tgpg = SPR
Ty = TPR = 1.6

RREF= reference density in WR = 3.6 kg/m®
Wr exit Mach number = AMEX = 0.9

PRLC 3.8

I
I

e

T = PRHC 4.1

c
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b. ONX OUTPUT

ON-DESIGH CALCULATIONS

TURBOFAN ENGINE WITH MIXED EXHAUST

HAREARSRBERPEEHERRRRRR IHFUT DATA BRRERAFARREIARRER AR
MACH 10 = 790 AL FHA = .00
ALT (FT) = 35000, F1 C = 2.30
T (R) o 394.10 FI D (MAX) = .77
FO (FS1A) = 33,4680 . FI1 B = .97
DEMSITY =.00073824 FI N = .97
{SLUG/CUFT) EFFICIENCY
CF C = .243 BTU/LBRM-R BURNCR = .94
CF T = .2865 BTU/LEM-R HMECH I FR = 1.00
GNMMA C = 1,400 MECH L0 FR = 1 .00
GAaMMA T = 1,350 LF COMER (FAN) = .88 (gC')
TT4 Mnax = 1840, (F) . HE COMCF = .?1 (ECHH
H - FUEL (BTU/LERM) = {18000, HF TURBINE = -84 (ETHD
c10 = Q000 Lf TURRINE = .87 (ETL)
COOL ING OTR #Y = AL FUR MECH EFF = 1,00
COOIL I AIR #2 = SO0 Y ELEED AIR = L00 %
Fo/rs = 1,00
*an MIYER wws FI MIXER MAX == 1.00
RAREREPBTEERATERABRTRARRRE D RESUL. TS RARBBFIIRPAAPARURARREI RSN
TAU R = 1.1295 A = Q73,1 F1/8EC
FIR = 1,509 Ver = 7AB.7 F1/8ECD
FI1 D = G570 HMNSE FLOW = 00,00 LEM/SED
Tny L = 5,138 AFEA CERD = 10.7%4 SOFT
FUrR T0- L0 KW AFEN JERD® = 10,507 SOFT
TAU C'= 1.312 PTIS 780 = 3,367
EYA C'= .8604 TIG /10 = 1.474
Fl C = 25.00 : TALY M1 = 1.,0000
F1 C° = 2,300 T M2 = 1.,.0000
Ay C° = 1.312 TALL M = 1 ,.0000
ETA C' = .B6OG FI ™M = §.0000
1 CH =1¢,870 M5 = I YRIR1s]
ALY CH = P, 108 o = 0000
ETn CH = .BB24 Mé = L0000
F1 1TH = ,17359 AT /RS = 000N
TAY TH = [ 68G0 GANMA M= 1,30500
ETNn TH = .B649 CF ™ = L2650
FI 1L = .6290 ETA TL = .B7493
Tay 1L = J9014 FI9/F0 = 3.8B694%
WITHO'IT AF
F = L0116
FO = ,0116
F/™M = 42.415 LEF/LEBM/S
8 =  .983%4 1/HK
197710 = 2.0535
Vesvo = 82,7434
M7/MO = 1.9615 '
AT/ AT = 7480
A?/AB = 1.,8571
THRUST = B848B3. LEF
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c.

ENGINE OUTPUT

FPR=2.3 OPR=25.0 TIT=1860. ABTEMP=3400. MNACH NO=0.79 ALT=35000.

STATION IDENT: ENGINE INLET, STATIONS 0-1

TI= 394. TO- 444. PI= 3.5 PO= 5.1 rI=0.000 ro0=.000 vVO= 769.
STATION IDENT: LP COMPRESSOR, BTATIONS 1-2

Ti= 444. TO= 582. PI= 5.1 PO= 11.7 ri=.000 rO-.000
ETALC=0.8600 GBAR=1,4004

ELPC=0.08757

STAION IDENT: HP COMPRESSOR, STATIONS 2-3

Tl= 582. TO«1206. Pl= 11.7 PO=127.0 Fl1=.000 FO=.000
ETAHC=0,.8800 GBAR~1.3870

EHPC=0.9144

STATION IDENT: MAIN BURNER, STATIONS 3-4

TI=1206. TO=1860. PI=127.0 PO=123.2 FrI=.000 FO-,010
STATION IDENT: HP TURBINE, STATIONS 4-5

T1e1860. TO=1295, PI=123.2 PO= 22.8 FI=,010 FO=.010
ETA=0.8700 GbDAR=1.3436

ET=0.8379

STATION IDENT: FPE LPT MIXING, STATIONS 3,5-6

T1=1206. T2=12%95. TO=1295. PO= 22.8 Fl=.000 F2=.010 FO=.010
STATION IDENT: BYPASS DUCT, STATIONS 2-7

Tl= 582, TO= 582. PI= 11.7 PO= 11.5 FI=,000 FO=.000
STATION IDEnY: LP TURBINE, STATIONS 6-8

TI«1295. TC=-'104, Ple 22.8 PO= 11.6 Fl=.010 FO=.010
ETA=0.9000 GEAR=1.3612

ET=0.8901

STATION IDENT: CONST. AREA MIXER, STATIONS 7,8-9

T1=-1104. T2- 582. TO= 939. Ple 11.6 P2= 11.5 PO= 11,2
Fl=.010 Fr2=.000 FO=.007 M1=0.40 M2=0.37 MO=0.40 ARAT=0.38
STATION 1IDENT: AFTERBURNER, STATIONS 9-10

Ti= 93%3. TOw 939. PI= 11.2 PO= 11.0 FI=.007 FO=.007
STATION IDENT: EXHAUST NOZZILE, STATIONS 11-12

TI= 939. 1TO0= 697. PI= 11.0 PO» 3.5 FI=.007 VO=1728. HKO=-1.34
GLOCO=1.3948 PRN=.31661 AEXIT-1294.1

PERFORMANCE PARAMETERS

AMACHB« 0.400

SP.THRUST = 39.18 SFC = 0.832 BETA= 0.500 EXMACH=- 1,336
(LBF/LBM/S) (LBM/HR/LBT)
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3. TURBOFAN WITH WAVE ROTOR: ENGINE OUTPUT

FPR=3.8 OPR~24.9 TIT=1860. ABTEMP=3400. MACH NO=0.79 ALT=35000.
STATION IDENT: ENGINE INLET, STATIONS 0-1
Ti= 394. TO= 444, PI= 3.5 po= 5.} F1=0.000 Fr0-.000 VO= 769.
STATION IDENT: LP COMPRESSOR, STATIONS 1-2
Ti= 444, TO= 682, Pl= 5.1 pO= 19.3 FI=.000 ¥0«.000
ETALC=0.8600 GBAR=1,3992
ELPC=0.8841
ETAION IDENT: HP COMPRESSOR, STATIONS 2-3
Ti= 682. TO=1056. PIe 19.3 PpO= 79.2 FI=.000 FO=.000
ETAHC=0.8800 GBAR=1,3870
EHPC=0.9022
STATION IDENT: WAVE ROTOR, STATIONS 3-4
TCCIN~ 1199.0 TO= 1972.7 TREF~ 2197.7
PIN~ 78.2 PO= 122.9 FPREF~ 183.1
FIN=0.0000 FO=0.0165 GLOCO=1.371 IpBl=l
STATION IDENT: HP TURBINE, STATIONS 4-5
TI=1973. TO:1649. PI1=122.9 po= 52.4¢ Fi=.016 ¥r0=.016
ETA=0.8700 LBAR=1,3263
ET=0.8551
STATION IDENT: PRE LPT MIXING, STATIONS 3,5-6
T1«1056. T2~1649. TO=1649. PO= 52.4 Fl=.000 Fr2«.016 ro=-.016
STATION IDENT: BYPASS DUCT, STATIONS 2-7
Tl 662. TO= 682. PI= 19.3 PpO= 16.9 F1=.000 £Q=.000
STATION IDENT: LP TURBINE, STATIONS 6-8
TI=1649. TO0=1335, Ple 52.4 PpO= 20.6 FI=.016 FO0-.016
ETA=0.9000 GBAR~1,3416
ET=0.8866
STATION IDENT: CONST. AR MIXE%, STATIONS 7,8-9
T1=1335., T2= 682. TO=1133. Ppl= 20.6 P2= 18.9 PO= 19.4
Fl=.016 F2~.000 rO=.011 M1=0.40 M2«0.19 MO=0.31 ARAT=0.74
STATION IDENT: AFTERBURNER, STATIONS 9-10
Ti=1133, TO=1133. Ple 19.4 pO= 19.0 Fl=.011 ro=-.011
STATION IDENT: EXHAUST NOZIZLE, STATIONS 11-12

TI=1133, TO= 737. Ple 19.0 po- 3.5 F1=.011 VO0O=2232, MO=1.68
GLOCO=1,3890 PRN=.18289 AEXIT«1329.8

PERFORMANCE PARAMETERS

AMACHS8= 0.400
SP.THRUST = 46.22 SFC ~ 0.856 BETA= 0.500 EXMACH= 1.678

{LBF/LBN/S) {LBM/HR/LBF)
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D.

ENGINE PROGRAM LISTING

c PROGRAM ENGINE
c DIMENSION XARAY(12S5),YARAY(125),ZARAY(125),BPR(125)
REAL XP1(50),YP1(50),¥YP2(50)
REAL ST,SPTHR,SFC,PRAT
INTEGER CONFIG,MCONFIG,II,JJ,11,J1
CHARACTER*6 XI1LABEL
CHARACTER*15 YILABEL
CHARACTER*3 Y2LABEL
COMMON/ETAS/ETALC,ETAHC ,ETACC, ETAHT,ETALT, ETAAB, VCOEF?P
COMMON/LOSSES/D1FLOS,CCLOSS ,ABLOSS,BPLOSS
COMMON/BURN/HFUEL, FLHEV, TMAXCC, TRAXAB, THAXWR
COMMON/WORK1 /MORKLC , WORKHC
COMMON/CONST/CJ,G
COMMON CONF1G
Chaee DEFINITION OF PROGRAM SWITCHES
Ce*4é CONFIG=0:CONVENTIONAL ENGINE; CONF1G=1:NAVE-ROTOR ENGINE,
C#440 KODE=OINON-AFTERBURNING CASE; RODE=1:AFTERBURNER LIT CASE.
Codss RASET=0:BYPASBS RATIO (BETA) PRESCRIBED. KASET=1:BETA CALCULATED.
DATA 1DC,1DB,IDT,IDM/0,0,0,0/
DATA XP1/50%0.0/
DATA YP1,50G%0.0/
DATA YP2/50+%0.0/

IFLAG=0
[+ INPUT DATA (GENERAL)
C ARANO AR R AR AR AR R AV SRR AR AR R R AR A R AR AR R AR R AR R AN AN R AR AR AR RANRAR AN AR
c INITIALIZE THE DATA BASE A4 R adnaau e ananaafaadadacAndanasdsspsahon

WRITE(6,*) "WOULD YOU LIKE TO SBEE THE POSSIBLE CONFIGURATIONS
> FOR ENGINEL1? [l=YES 0«NO)’
WRITE(6,%)'Hit <Return> for next picture and to continue.’
READ{S5,’(1)’)IDESIGN
17 (IDESICV . EQ.0) GOTO 11
CALL LIBS$SSPAWN ('RENDER ENG1.UIS’)
CALL LIBSSPAWN ('RENDER ENG2.UIS')
CONTINUE
11 WRITE(6,*) INPUT DESIRED CONFIGURATION:'
WRITE(6,% )’ CONFIG=(0=CONVENTIONAL I=WAVE ROTOR}’
READ(S5, (1)’ )CONFIG
MTONFIG=CONFIG
WRITE(6,*)] ' ZODE«{0=NON A/B 1«A/B ON}’
READ(S5, (1)’ )roOCE
WRITE(6,*) RASET={0=BYPASS RATIO PRESCRIBED l«BETA CALCULATED}'
READ(S5,"' (1)’ )KASET
WRITE(6,*)'WOULD YOU LIKE TO USE YOUR OWN PARAMETERS OR THE
> DEFAULT’
WRITE(6,*)’ PARAMETERS? (1«OWN,O=DEFAULT)'
READ(S,*(1)’)1Q1
Ir (1Q1.2Q.1) THEN
CALL FLIGHT(FMACH,ALT,PSO,TSO)
(o WRITE(6,*)'CONFIG="',CONFIG
Ir (7ov"*G.22.1) THEN
CALL WRSPECS(EPR, TPR,RREF AMEX)
ENDIT
c WRITE(6,*)’CONFIG=',CONFIG
CALL DESLIM(TFUEZL ,FLRAV,AMACHS ,AFUEL, PRLC,PRAC,PRAT,TPR,
>CONF1G)
CALL COMPFOM(ETALC,ETAHC,ETAHT,ETALT,ETACC,ETAAB)
CALL TMAX(TMAXCC,TMAXAB, TMAXWR)
CALL ACSYS{CTO,TMAXCC,X1,BETA)
CALL COMLOSS{BPLOSs,CCLOSS,ABLOSS)
CALL COMPETA(PIMAX,PIDMAX,VCOEFr)
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ELSEIF (I1Q1.EQ.0) THEN
CALL BASE1(FMACH,ALT,PSO,TSO,TFUEL,FLBV,AMACHB,HFURL,

SPRLC,PRHC, PRAT, ETALC,ETAHC,ETAHT,ETALT,ETACC,ETAAB, EATDS,

>THMAXCC, TMAXAB, TMAXWR,CTO,X1,BETA,BPLOSS,CCLOSS ,ABLOSS,

>PIMAX,PIDMAX,VCOEFY,SPR, TPR, RREF ,AMEX,CONFIG, RODE}

ENDIF
Commme SET INTIAL CONSTANTS

NNeO

CJ=778.16

G=32.174

¥0=0.0
Cunanevaw
C- -END OF INPUT DATA
(rarsasnrerswrwenrasseuseseaATaEEeEREsRE® -

OPEN (UNIT=S,FILE='ENGINEL.DAT',STATUS="NEW’)
Coesssnarssascesnsrearsssstacssassyorrortnenaa e
C e*+ CALLING SEQUENCE OF COMPONENT SUBROUTINES FOR CHOSEN ENGINE #as
Covmmm CONFIGURATION
(T PP P P P LI DL S P DR DY LAY P D DAL L LD L LT L LA L L L L L L

WRITE(6,*) WOULD YOU LIKE TO ITERATE A VARIABLE (l=YEE 0=NO)’

READ(5,(1)')IANS]
Ir (IANS1.EQ.C) THEN

GO TO 6
ELSE
WRITELE #V/ENONT THE DESIRED ITZREATION PARAMETER (ie 1)°
WRITE(6,*})’ 1. BYPASS RATIO'
WRITE{6,%)" 2. FAN PRESSURE RATIO’
NRITE(6,*)’ 3. COMPRESSOR RATIO’
WRITE(6,*)’ 4. LPT EXIT MACH NUMBER’

READ({5, ¢)IANSS
IANSWAd=IANSY
WRITE(6,%)' INPUT MIN VALUE ='
READ(S, *)SMIN
WRITE(6,%)'INPUT MAX VALUE =’
READ(5,*)SMAX
WRITE(6,%)'INPUT STEP EI2E =’
READ(S,*)STEP
OPEN{UNIT=14,FILE~'PLOT1.DAT’,STATUS="NREW')
IF (IANSE.EQ.1) THEN
X1LABEL=' BETA '
[ WRITE(14,°(2X,A,2X,A,2X,A}")’' BETA’,’ 6T ',' 6rcC '’
ELSEIF (IANS4.EQ.2) THEN
X1LABEL=' PRLC '
C WRITE(14,"(2X,A,2X,A,2X,A)’)" PRLC'," 8T *,’ SFC '
ELSEIF (IANS4.2Q.3) THEN
X1LABEL=' PRHC *

C WRITE(14,°(2X,A,2X,A,2X,A)")’ PRHC',’ BT ',’' BSFC'
ELSEIF (IANS4.£Q.4) THEN
X1LABEL="AMACHS’
c WRITE(14,°(2X,A,2X,A,2X,A)"')"AMACHE’ ,* 8T *,' BIFC '
ENDIT

WRITE(34,'(2X,A,2X,A,2X,A, 2K, A, 2X,A,2X A6 ,2X ,A,2X,A)" )" BETA ',
»" PRLC ',’ PRHC ',’ PRAT ','" TIT ',X1LABEL,* 8T ',” 8rcC '
1C2-1
C-=~~==8TART LARGE LOOP ITERATION FOR ITERATION VARIABLE-----~=-=
DO 41 SVALUE«SMIN,SMAX,ETEP
IT (IANS4.EQ.1) THEN
BETA=SVALUE
ELSEIF (IANS4.EQ.2) THEN
PRLCeSVALUE
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[eXaK2)

Cmommm END LARGE LOOP VARIATION FOR ITERATION VARIABLE

ELSEIF (IANS4.EQ.3) THEN
PRHC=SVALUE

ELSEIF (IANS{.EQ.4) THEN
AMACH8=8SVALUE

ENDIF

1r (CONFI1G.EQ.1) THEN
PRAT=PRLC*PRRC*TFR

ELSE
PRAT=PRLC*PREC

ENDIF

6 WRITE(9,1)PRLC,PRAT,TMAXCC, TMAXAB,FMACH,ALT
1 FORMAT(2X,'FPR~’,r3,1,2X,'OPRe' , F4.1,2% 'TIT=’,F5.0,2X, 'ABTENP=’,
>F5.0,2X,"MACH NO=',F4.2,2X,'ALT="',F6.0/)
CALL INLET(PSO,TSO,FO,Pl,T1,r1,VvO,FMACH,PIDMAX)
CALL COMPR{PRLC,P!,T1,P2,T2,T21S,F1,F2,1DC)
CALL COMPR(PRHC,P2,T2,P3,T73,T3185,r2,F3,IDC)
IF(CONFIG.EQ.1) GOTO 10
CALL BURNER{P3,T3,P4,T4,F3,r4,1DB,KODE,CONFIG)
. GOTO 20
10 CALL ROTOR(P3,P4,T3,Td,PREF, RREF,TREF,F3,F4, SPR, TPR,ANEX, TCCIN,
>I1DB,CONFIG)
10 CALL ROTOR{PRAT,?1,P3,P4,T3, T4, PREF RREF TR®F F3 rd{,5PR,TPR,ANEX,
>TCCIN,1DB,CONFIG)
20 CALL TURBIN(P4,T4,P5,T5,T518,F4,r5,85,PRAT,PRLC,PRHT,PRLT,XI,BETA,
>KASET,IDT)
CALL MIXCP(r3,rS,p3,T3,P5,T5,76,P6,T5,X1,IDN)
CALL DUCT(P2,T2,F2,P7,T7,F7,H7)
CALL TURBIN(P6,T6,P8,T8,T815,r6,F8,H8, PRAT,PRLC,PRHT,PALT,XI,BETA,
>RASET,1DT)
IF(KASET.EQ.1) GOTO 30
CALL MIXCA(P7,P8,T7,T8,H7,HB,P7,F8,BETA AMACHS ,PIMAX,T9,79,P9,
>AMACH9)
GOTO 40
30 CALL MIXCP{r7,r8,P7,T7,P8,T8,F9,P9,T9,BETA,IDN)
40 CALL BURNER(PS,T9,P10,T10,F9,710,1DB,KODE,CONFIG)
CALL NOZZLE(P10,T10,P12,T12,T1215,F10,PRLC,VEXIT,EXMACRE,P50,1FLAG)
IF(IFLAG.EQ.1) GOTO SO
CALL PERF(AMACHE,F10,VO,VEXIT,BETA,SPTHR,SFC,EXMACH)
WRITE(14,3014) BETA,PRLC,PRHC,PRAT,T4,SVALUE,SPTHR,SFC
WRITE(14,’(2X,76.3,2X,76.3,2X,F6.3)')SVALUE,SPTHR,SFC
WRITE(6,%)'1C2=",1C2
WRITE(6,*)'ST=’,SPTHR, 'S§FC=",SFC
XP1(1C2) = SVALUE
YP1{IC2) = SPTHR
YP2(1C2) = BFC
WRITE(6,*)'XPle=’,XP1(I1C2),"'YPl=' YP1{1C2), 'YP2=' YP2(IC2)
I? (SVALUE.LE.SMAX) 1C2=3C2+1
----------- RESET THE COUNTER SWITCHES EACH LOOP
IDC=0
1DB=0
IDT=0 °
IDM=0
CONFIG=MCONFIG
------- CHECK PROPER COUNTER OPERATION-———--
WRITE(6,%)’1DC=',1IDC,’'IDB="',1IDB,*IDT=",IDT, ' IDN=",IDM
NRITE(6,%)’CONFIG="',CONF1G
41 CONTINUE
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END 1IF

ENDFILE 14
REWIND 14

CLOSE (UNIT=14)

CALL GRAFKIT PLOT ROUTINE

000

WRITE(6,*)  WOULD YOU LIKE TO PLOT THE RESULTS? (1=YES 0=NO)’
READ(S,’(1)')I1C5
IF (ICS5.ZQ.1) THEN
[ NOW CALL GRAPHICS ROUTINE
CALL GKSPLOT1(XPl,YP1,YP2,IANSW4,1C2-1})
ENDIF
c [ XX ] PRARRRARBRAARAP R R ANORARONRRARAAARARRRARRRANRARARARAPARDRAARARNRR
C #ae ##¢END OF USER-DEFINED CALLING SEQUENCEAASAAAGAAAAAMARAANASANR
C L2 X ] AARRARRR A AR RARAARAARAARARARA AN AR AR AR AR R ARNRAARACARAAARAAAAARAAREA
OPEN(UNIT=10,FILE='ENGINE2.DAT' ,BTATUS='NEW')
WRITE(10,3000)P6,P7,P8,P11
CLOSE{UNIT=10)
3000 FORMAT(S5X,’P6=',F5.1,5X,’P7=’,F5,1,5X,'P8=",¥5.1,5X,’Pll=’,
>r5.1//)
3014 FORMAT(2X,76.3,2X,r6.3,2%X,96.3,2x,7r6,.3,2x,r6.1,2x,r6.3,2X,
>r6.3,2X,r6.3)
GOTO 70
50 WRITE(6,60)
60 FORMAT{5X, 'NOZZLE PRESSURE RATIO I8 NEGATIVE'/)
70 CLOSE(UNIT=9)
sTOP
END
(o T L T Y T e Y T P Y L P P L L T T Y Y Y Y )
SUBROUTINE BASELl(FMACH,ALT,PSO,TSO,TFUEL,FLHV,AMACHB ,BFUEL,
SPRLC,PRHC,PRAT,ETALC,ETAHC,ETAHT ,ETALT,ETACC,ETAAB,EATDB,
>TMAXCC, Thall™, JMAYW® rTO,XI,BETA, 0PLOSS,CCLOSS,ABLOSS,
>PIMAX,PIDMAX,VCOEFF,8PR, TPR, RREF ,AMEX, ICONF1IG, IKODE)
COMMON CONFIG
C--ee FLIGHT PARAMETERS
FMACH=0.79
ALT=35000.
PSO=3,468
TSO~394,1
Ca=mmn WAVE ROTOR BPECS
EPR=0.40
TPR=1.60
RREF=3.6
AMEX=0.9
[ s TCCIN 1S SOLVED FOR IN ROTOR ROUTINE--r—remce e
[of TCCIN=1213.3
[ DESIGN/FUEL CHOICES
TFUEL=520.
FLHV=18000.
AMACHB=0.4
BFUEL=TFUEL*0.5
IF (ICONFIG.EQ.1) THEN N
PRLC=3.8
PRHC=4 .1
ELSE
PRLC=2.3
PRHC=10.8696
ENDIP
IF (ICONFIG.EQ.1) TREN
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PRAT«PRLC*PRHC*TPR
[ WRITE(6,*) ' PRAT=',PRAT, 'TPRa’,TPR,'CONF1IG=’,ICONIIG
ELSE
PRAT=PRLC*PRHC
ENDIF
[ COMPONENT FOM
ETALC=0.86
ETAHC=0.88
ZTAHT=0.87
ETALT«0.90
ETACC=0.96
Ir (IKODE.EQ.0) THEN
ETAAB=1.00
ELSE
ETAAB=0 .96
ENDIF
C-—-=- MAX COMPONENT TEMPERATURES (R)
[ NOTE: TMAXCC AND TMAXWR GET RESET TO VALUES CORRESPONDING TO
c THE WAVE ROTOR ANALYSIS t TMAXCC=TREF, TMAXWReTREF
TMAXCC=1860.0
TMAXAB=3400.
TMAXWR=2085
[EEEERS AIRCRAFT SYSTEM PARAMETERS
CT0=0.0
NRITE(6,%)’ INPUT & COOLING OR BASE IT ON TMAXCC:'
NRITE{6,*]’ (1=INPUT FOR XI 0=BASE XI ON TMAXCC)'
READ(5,*)1C00L1
IF (ICCOL1.2Z0Q.0) THEN
i¥ (TMAXCC.GT.240v) THEN
X1=2,C*(TMAXCC-~2400.0),16000.0
ELSE
X1=0.0
ENDIF
ELSE
WRITE(6, #)"INPUT X1’
READ(S5,*)X1
ENDIF
BETA=0.5
Cmmm== COMPONENT LOSSES
BPLOSS=0.02
CCLOSS~0,03
.7 (IRODE.EQ.0) THEN
ABLOSS=0.02

ELSE
ABLOESS=0.06
ENDIF
Crmme COMPONENT EFFICIENCIES
PIMAX=0.97
PIDMAX=0,97
VCOEZFF=0.5%"
RETURN
END
Cosnsnmenescsrnssasursoveanssnans -
[ INPUT DATA BASE SUBROUTINES L LT T T T T

Cmmm e ———— -
BUBROUTINE PLIGRT(FMACH,ALT,PSO,T80)
DIMENSION TT(0150),PP{0:50)
DATA TT/1.0000,0.9931,0.9863,0.9794,0.9725,0.9656,0.9583,0.9519,
>0.9540,0.9381,0.9313,0.9244,0.9175,0.9107,0.9038,0.8969,0.8901,
>0.8832,0.8764,0.8695,0.8626,0.08556,0.8489,0.08420,0.8352,0.8233,
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>0.8215,0.8146,0.8077,0.8009,0.7940,0.7672,0.7803,0.7735,0.7666,
>0.7598,0.7529,0.7519,0.7519,0.7519,0.7519,0.7519,0.7519,0.7519,
»>0.7519,0.7519,0.7519,0.7519,0.7519,0.7519,0.7519/

DATA PP/1.0000,0.9644,0.9296,0.6963,0.8637,0.8321,0.8014,0.7717,
>0.7429,0.7149,0.6878,0.6616,0.6362,0.6115,0.5877,0.5646,0.5422,
»0.5206,0.4997,0.4795,0.4599,0.4410,0.4227,0.4051,0.3880,0.3716,
>0.3557,0.3404,0.3256,0.3113,0.2975,0.20843,0.2715,0.2592,0.2474¢,
»0.2360,0.2250,0.2145,0.2044,0.1949,0.10658,0.1771,0.1688,0.1609,
»0.1534,0.1462,0.1046,0.1329,0.1267,0.1208,0.1151/

WRITE(6,*)*INPUT FLIGHT CONDITIONS'
WRITE(6,*)’ INPUT FLIGHT MACH NUMBER,’
READ(5,*)FMACH
WRITE(6,*)’ INPUT ALTITUDE (0-50000 rT)’
READ(S5, *)ALT
IALTeALT/1000
TS0=(459.67+55.0)*TT{IALT)
PSO=14.696*PP(IALT)
RETURN
END

SUBROUTINE DESLIM(TFUEL,FLRV,AMACHBA,HFUEL,PRLC,PRHC,PRAT,TFR,
>ICONFIG)

COMMON CONFIG

WRITE(6,*)'INPUT DESIGN/FUEL LIMITATIONS:’

WRITE(6,*)’ TFUELe(TEMP OF FUEL IN R)’
READ(S5,*’iFUEL

WNRITE(6,%)" FLHV=(FUEL LOWER HEATING VALUEZ)’
READ({S, *)PLREV

WRITE(6,%)"’ AMACHO=(EXIT MACH AT LPT)’
READ(5, * )AMACHBA

WRITFE(E )¢ PRLCm’
READ(S5,*)PRLC

WRITE(G,*)"’ PRHC=’
READ( 5, *)PRHC
1¥ (ICONFIG.EQ.0) THEN

TPR«1.0

ENDIF

PRAT=PRHC*PRLC*TPR

HFUEL=TFUEL*0.5

RETURN
END

BUBROUTINE COMPFYOM(ETALC,ETAHC,ETAHT,ETALT,ETACC,ETAAR!
WRITE(6,*) INPUT COMPONENT FIGURES OF MERIT:(1=OWN 0«STD)’
WRITE(6,4)'(STDt ETALC=0.66 ETAHC=0.80 ETAHT=0.87 ETALT=0.90

> ETACC=0.96 ETAAB=0.96)"
READ{S,’(1)')18UB2
Ir (1SUB2,£Q.0) THEN

ETALC=(.86

ETAHC=0,88

ETAHT=0.87

ETALT=0.90

ETACC=0.96 °
ETAAB=0.96

ELSE

WRITE(6,*)" INPUT ETALC='
READ(S, * }ETALC

WRITE(6,*)’ INPUT ETAHC='
READ(S,*)ETAHC

WRITE(6,*)’ INPUT ETAHT='
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[z Xe]

READ(S, *)RTAHT
WRITE(6,*)’ INPUT ETALT~'
READ{5, *)ETALT
WRITE(6,*)’ INPUT ETACCe’
READ(5,*)ETACC
WRITE(6,*)’ INPUT ETAAB='
READ(S,*)RTAAD
ENDIF
RETURN
END

BUBROUTINE TMAX{TMAXCC,TMAXAB, TMAXWR)

NRITE(6,*)'INPUT MAX COMPONENT TEHPERATURES’

WRITE(6,%)’  INPUT TMAXCC='

WRITE(6,%)’ TMAXCC 18 RESET TO TRAXWR IN ROTOR CONFIG'
READ{S, *)TMAXCC

WRITE(6,%)’  INPUT TMAXAB='
READ(5,*) THAXAB

WRITE{6,%)’  INPUT TMAXWR=’

WRITE(6,%)" " TMAXWR IS RESET TO TREr IN ROTOR CONFIG'
READ(S, * ) TMAXWR
RETURN
END

SUBROUTINE ACSYS(CTO,TMAXCC,XI,BETA)
WRITE(6,*)'VERICLE SYSTEM PARAMETERS'
WRITE(6,%)"’ INPUT CTO= (TAKE-OFFf POWER)'’

READ{S5,*)CTO
WRITE(6,*)"’ INPUT 8 COOLING OR BASE IT ON TMAXCC:'
WRITE(6,*)"’ (1=INPUT FOR XI O~BASE XI ON TMAXCC)’
READ(5,*)1CO0L1
17 (1COOL1.£Q.G) THEN
I (TMAXCC.GT.2400) THEN
X1=2.0¢(TMAXCC-2400.0)/16000.0
ELSE
X1=0,0
ENDIT
ELSE
WRITE(6,%)' INPUT XIa'
READ(S,*)XI
ENDIF
WRITE(G6,*)’ INPUT BETA= (BY-PASS RATIO)’
READ(5,*)BETA
RETURN
END

SUBROUTINE COMLOSS(BPLOSS,CCLOSS,ABLOSS)
WRITE(S,*)’ COMPONENT LOSSES (PERCENTS):(1~OWN 0=STD)’
WRITE(6,*)’5TD: BPLOSS=0.02 CCLOSS=0.03 ABLOSS=0.02 )’
READ(5,’{1)’)1Q5
17 {IQ5.£Q.0) THEN
BrLOSS=0.02
CCLOSS=0.03 .
ABLOSB=0.02
ELSE
WRITE(6,¢)*  INPUT BPLOSS='
READ(S,*)BPLOSS
WRITE(S,*)'  INPUT CCLOSSw’
READ(S,*)CCLOSS
WRITE(6,%)’  INPUT ABLOSBe’
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READ(S, * ) ABLOSS
ENDIF
RETURN
END

SUBROUTINE COMPETA(PIMAX,PIDMAX,VCOEFF)
WRITE(6,*) " MISCELLANEOUS COMPONENT CHOICES:(1=OWN 0=STD)’
WRITE(6,*) (5TD:t PIMAX=0.97 VIDMAX=0.97 VCOErr«0.%7)’
READ(S,"(1)")1Q6
IFr (106.20.0) THEN

PIMAX=0.97

PIDMAX=0.97

VCOEFr=0.97
ELSE

SUBROUTINE WRSPECS{SPR, TPR,RREF, AMEX)
WRITE(G,* )’ NAVE ROTOR SPECIFICATIONS'
WRITE(6,*)’ INPUT SPR='

* INPUT TPR=’
INPUT RREF= kg/m"3’

’
C-ommme TO INPUT T
c WRITE(6,*
C READ(S,
RETURN
END

INPUT TCCIN='

.
)
L]
)
CIN CHANGE WRSPECS BUBR AND CALL-----—=-—cc—weaaaa
’
}TCCIN

g [ XX} SAARRRAARARAARRR R LA R R AR ARNAARGR AR AR ARAR AR P ARARARRARIRERANNRD
SUBROUTINE INLET{PIN,TIN,FIN,PO,TO,FO,VO, FMACH,PIDMAX)
COMMON/LOSSES/DIFLOS,CCLOSS,ABLOSS ,BPLOSS
COMMON/CONST/CJ,G
HIN-ENTHEN(FIN, TIN)

PHIIN=ENTREN(FIN,TIN)
GLOCIN=GLOC(FIN,TIN, HIN)
PTIN=PIN*(1.4(GLOCIN-1.)/2.*FMACH*#2, )##{ZLOCIN/(GLOCIN-1.))
TTIN«TIN®(1.4(GLOCIN-1,)/2.%FMACH*#2,)
PID=PIDMAX
IF(FMACH.GE.1.0) PID=PIDMAX*(1.-0.075%(FMACE-1,)##*1,35)
DIFLOS=1,-PID
PO=PTIN®(1-DIFLOS) , .
TO=TTIN
F0=0.0

BO=HIN

PHIO=PHIIN

VO=FMACH* SQRT{GLOCIN®RGAS(FIN) *TIN*G)

WRITE(9,10)

WRITE(9,20)TIN,TO,PIN,PO,FIN,¥O,VO
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10  FORMAT(S5X,'STATION 1DENT: ENGINE INLET, STATIONS 0-1‘/)
20  FORMAT(SX,’'TI=',r5.0,2X,'TO=',r5.0,2X,’PI=',P5.1,2K, PO=",
>75.1,2X,'FI=’,25.3,2X,'70=",P4.3,2X, V0=’ ,75.0/)
RETURN
END
c SR ARARANAARARRARARAPAAGAARDEARRRRERAORAAERRAARAANRARGARANRRDAGARSAA
SUBROUTINE COMPR(PR,PIN,TIN,PO,TO,TOLS,FIN,rO,1DC)
COMMON/ETAS /ETALC, ETARC, ETACC, ETAHT, ETALT, ETAAB , VCOEFF
COMMON/LOSSES/DIFLOS, CCLOSS ,ABLOSS ,BPLOSS
COMMON/WORK1 /NORKLC , WORKHC
COMMON/CONST/CJ,G
IDC=1DC+1
17(IDC.20.1) GO TO 30
C 444400 4COMPUTE HPC
BIN=ENTHFN(FIN,TIN)
PHIIN=ENTREN(FIN,TIN)
PHIOIS=PHIIN+RGAS(FIN)/CI*ALOG(PR)
CALL EMIFN(FIN,PHIOIS,TOIS)
HOIS=ENTHEN(FIN,TOIS)
RO=HIN+(HOIS-HIN)/ETAKC
WORKHC=RO-RIN
CALL HFN(FIN,HO,TO}
PHIO~ENTREN(FIN,TO)
rO=FIN
PO=-PIN*PR
GBAR~GAVG(FO,TIN,TOIS,PRIIN,PRIOIS)
TEMPHC1~ALOG(TO/TIN)
TEMPHC2=ALOG{PO/P1IN)
EHPC=(GBAR-1.0)/GBAR* TEMPHC2 /TEMPHC1
WRITE(6,%) ' TO=',TO, ' TIN=',TIN, ' PO=',PO, ' PIN=',
»PIN, ETAHC=', ETAHC, 'GBAR=',GBAR
WRITE(6,%)'ERPC="', EHPC
WRITE(S,10)
WRITE(9,20)TIN,TO,PIN,PO,FIN,FO,ETAHC,GBAR, EHPC
10  FORMAT(5X,’STAION IDENT: RP COMPRESSOR, STATIONS 2-3'/)
20 FORMAT(S5X,’'TI=',r5.0,2X,'TO=’,r5.0,2X, 'PI=’,F5.1,2X, PO=",
>r5.1,2X,'FI=",74.3,2X,'FO=",F4.3/,5X, 'ETAHC~" ,76.4,2X, 'GBAR=",
>76.4/,5X, ' EHPC=',F6.4/)
RETURN
C #4»4aCOMPUTE LPC
30 BIN=ENTHFN(FIN,TIN)
PHIIN=ENTREN(FIN,TIN)
PHIOIS=PHIIN+RGAS(FIN)/CIALOG(PR)
CALL PHIFN(TIN,PHIOIS,TOIS)
HOIS=ENTHFN(FIN,TOIS)
HO=HIN+ (HOIS-HIN)/ETALC
WORKLC=HO-HIN
CALL HFN(FIN,HO,TO)
PHIO=ENTREN(FIN,TO)

e XeXs]

FO=FIN

PO~PIN*PR

GBAR=GAVG(rO,TIN,TOIS,PRIIN,PHIOIS)
C WRITE(6,%)'T0=',TO, " TIN=',TIN, 'PO=',PO,'PIN="',
c >PIN, 'ETALC=',ETALC, ' GBAR=',GBAR

TEMPLCLl=ALOG({TO/TIN)
TEMPLC2=ALOG(PO/PIN)
ELPC={GBAR-1.0} /GBAR*TENPLC2/TENPLC]
c WRITE(6,*)’'ELPC=',ELPC
WRITE(9,40)
WRITE(9,50)TIN,TO,PIN,PO,?IN, O, RTALC,GBAR, ELPC

58




40 FORMAT{5X, 'STATION IDENT: LP COMPRESSOR, STATIONS 1-2'/)

50 PORMAT(SX,'T1=",¢5.0,2X, TO="',€5,0,2%, 'Pk=’,05.1,2X,°P0O~",
>F5.1,2X,°F1=',F4.3,2X,'P0=",04.3/,5X, "RTALC=" ,F6.4,2X, 'GBAR=",
»r6.4/,5X, ' ELPCa’ ,P6.4/)

RETURN
END
C [ XX ] AABBROANIARALERARARRAR LA ARARCAARRGEARANSEARAAREASAGRGROAGENAR
C LR R QQQ.“AV! ROTOR SUSROUTXNEQQQ"Q.tQt.l..Q...l!t..lt.t...ti..ﬁ.
[of R QAR AACANARRANRRRARAANRGARCARARRARB AR RARANNARAABARORANORARAROREANN
SUBROUTINE ROTOR(PRAT1,PT!,PIN,PO,TIN,TO,PREF, RREF,TREY ,FIN, YO,
>SPR, TPR,AMEX, TCCIN,IDB]1,CONTFIG)
COMMON/LOSSES/D1FLOS,CCLOSS,ABLOSS,BPLOSS
COMMON/BURN/HFUET, , FLRV, TMAXCC, TMAXAB, TMAXWR
COMMON/CONST/CJ,G
DUMMY=0,
GGUESS=1.3
FO=FIN
TSO=TMAXCC/(1.4({GGUESS-1.)/2,¢AMEX**2 )
RCT=0
10 ECT=RCT4+1
HSO=ENTHIN(¥O,TSO)
GLOCO=GLOC({¥O, T50,HS0)
PO=PIN*TPR*(1.-CCLOSS)
PS0=PO/(1.4(GLOCO-1.)/2.%AMEX*#2 }#*(GLOCO/(GLOCO-1.})
PREF=-PSO/SPR
Commm CORVERT DENSITY FROM kg/m"2 to lbm/ft"3
TREF=PREF/RGAS(FO)/RREF*2306.6587
STR=SPR**( (GLOCO-1.)/GLOCO)

TSO=STR*TREF
TO=TSO*{1.+4{GLOCO-1,)*ANEX*42,/2.)

o WRITE(,*)'TREF=' , TREF,'TMAXWR=', TMAXWR, 'RCTe’ KCT, ' FO=',¥0
1F((ABS(TREF-TMAXWR).LT.5.0).0R.(KCT.GT.5)) GOTO 20
TMAXWR=TRETY

Comommme COMPUTE TEMP INTO THE BURNER (TCCIN}-- ---

TCCIN=TIN*(PRATI*PT1/PIN)*#+((GLOCO-1.)/GLOCO)

[of WRITE{6,*)'PRAT1=',PRAT]," PTle',PT1

C WRITE(6,*) ' TCCIN « ' ,TCCIN
CALL BURNER(DUMMY,TCCIN,DUMMY,TMAXWR,FIN,FO,IDB1,KODE,1)
GOTO 10

20 CONFIG=0
IDB1«1DB1+1

[o WRITE(6,%) IDBl=', IDBY

WRITE(9,30)

WR172(9,40)TCCIN,TO, TREF,PIN, PO, PREF,FIN, FO,GLOCO, IDB1

30  FORMAT(5X,'STATION IDENT: WAVE ROTOR, STATIONS 3-d4'/)

40  FORMAT(5X,’TCCIN=',?7.1,2X,'TO=',F7.1,2X, TREF=',¥7.1/,5X,
>'PIN~’,r6.1,2%,"P0=’,F6.1,2X, "PREF=’ F6.1/,5X, ' ZIN=',F6.4,2X,
>'FO=',F6.4,2X, GLOCO=*,?5.3,2X, 1DBl=",11/)

RETURN
END
C
C tee BON BRI PRI ANR R AANNRRARI RO RERR RGO RNARRARARSRRACARAERNERRARRS
SUBRCUTINE BURNER(PIN,TIN,PO,TO,FIN,FO,1IDB2,KODE,CONFIG)
INTEGER CONFIG
COMMON/ETAS/ETALC,ETARC,ETACC,ETALT,ETAAS, VCOEFF
COMMON/LOSSES /DIFLOS,CCLOSS,ABLOSS ,BPLOSS
COMMON/BURN,/BRFUEL, FLAV, TAAXCC, TMAXAB, TMAXWR
Cremmm CHECK COUNTER OFERATION
Crmmr e e e CONTI1G=1 GOTO WAVE ROTOR CALC
Commrm e e CONFIG RESBET = 0 IN ROTOR BUBROUTINE
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Crom—mmmmm— e IDB INCREASED BY 1 IN ROTOR SUBR
Comrmm—mvm e CONFIG=0 AND IDBel GOTO MAIN CC CALC
Cmmmmmmem e CONFIG=0 AND IDB>1 GOTO A/B CALC
IF(CONF1G.2Q.1) GOTO 50
IDB2=1DB2+1
c WRITE(G,*)'CONFIG=',CONFIG,* 1DB2«’,IDB2
17(1IDB2.2Q.1) GOTO 10
GOTO 20
C-mme- MAIN BURNER CALC-
10 TO=TMAXCC
ETAR-ETACC
DELTAF={A{TO)-A(TIN)4FIN*(B(TO)-B(TIN)))/(RFUEL+ETAB*FLHV-B(TO))
FO~DELTAFP+FIN
PO=PIN*(1.~-CCLOSS)
HIN=ENTHFN(FIN, TIN)
RO=ENTHZN(FO, TO)
PHIINENTREN{FIN,TIN)
PRID=ENTREN(FO,TO)
WRITF(9,60)
WRITE{9,70)TIN,TO,PIN,PO,FIN,FO
RETURN
C———-- AFTERBURNER CALC
Cmemmm A/B ON
20 I7(KODE.£Q.0) GOTO 30
TO=TMALAB
ETAB=ETAAB
DELTAF={A(TO)=A(TIN)+FIN*(B{TO)-B(TIN)))/{HFUEL4+ETAB*FLHV-B{TO))
GOTO 40
Cmm=-- A/B OFF
30 TO=TIN
DELTAF=0.
40 FO=DELTAF+FIN
PO=PIN*(1.-ABLOSS)
RINFNTHFN{FIN,TIN)
AO=ENTHFN(FO,TO)
PHIIN=ENTRIN(FIN,TIN)
PAIO=-ELIREN(FO,TO)
WRITE{9,80)
WRITE(9,70)TIN,TO,PIN,PO,FPIN,FO
RETURN
« --WAVE ROTOR CALC--wommvece——e -— -
50  TO=TMAXWR
ETAB=ETACC
DELTAT=(A{TO)-A(TIN)+FIN*(B(TO)})-B({TIN)))/(HFUEL+ETAB*FLHV-B(TO))
FO=FIN+DELTAF
60 FORMAT(5X, STATION IDENT: MAIN BURNER, STATIONS 3-4'/)
70  FORMAT(SX,’'TI=',r5.0,2X,'TO=',r5.0,2X,"PI=’,r5.1,2X,'PO=",05.1,
2X,'F1=",04.3,2X,'P0=" ,¥4.3/)
80 PORM,L'(CX,'ETATION IDENT: AFTERBURNER, STATIONS 9-10'/)
RETURN
END
c [ XX ] BARARRARPARAARARAEPARANAAARAROAIARPAARRANRERARARAASSINARRRORARA
SUBROUTINE MIXCP(FIN1,FIN2,PIN1,TIN]1,PIN2,TIN2,FO,PO,TO,VAR,1DN)
COMMON/ETAS/ETALC, ETAHC, ETACC, ETART, ETALT, ETAAB, VCORPF
COMMON/LOSSES /DIFLOS,CCLOSS ,ABLOSS ,BPLOSS
1DM=IDH4+1
IF(IDM.EQ.1) GOTO 10
ZETA=VAR
GOTO 20
10 ZETA=VAR,(1.-VAR)
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20 HINlENTHFN(FIN1,TIN])
HIN2=ENTHFN(FIN2,TIN2)
PHIIN1=ENTRFN(FIN1,TIN1)
PHIIN2=ENTRIN(FIN2,TIN2)
BO=(ZETA¢(1.4FIN1)®HIN1+(1 ,4+FIN2)*BIN2)/(ZETA*(1.4FIN1)+(1.4PIN2)})
FO={ZETA*FINI4FIN2)/(1.+42ETA)
PO=PIN2
CALL HFN(FO,HO,TO)
PHIO-ENTREN(FO,TO)
Ir(IDB.EQ.1) GOTO 30
GOTO 40
30 WRITE(9,50)
WRITE(9,60)TIN]1,TIN2,TO,PO,FIN]1,FIN2,FO
RETURN
40 WRITE(9,70)
WRITE(9,60)TIN1,TIN2,TO,PO,FIN], FIN2,FO
50 FORMAT(SX,'STATION IDENT: PRE LPT MIXING, STATIONS 3,5-6'/)
60 FORMAT(5X,'Tl=",¥5.0,2X,'T2=',¢5.0,2X,'TO=",¢5.0,2%,’PO=",P5.1,
>2X,'Fl=’ ,F4.3,2X,'F2=",r4,3,2X,'70=",74.3/)
70 FORMAT(SX,’STATION IDENT: PRE NOZZLE MIXING, BTATIONS 9,10-11'/)
RETURN
END

C 2o RRAANAARAARNSAAR AR R AR ARG R AN R AR AL ARANARAARGAANARAARARTAMNSERNAAREREN

anon

SUBROUTINE TURBIN(PIN,TIN,PO,TO,TOIS,FPIN,FO,RO,PRAT,PRLC, PRHT, PRLT
>,XI,BETA,RASET, IDT)

COMMON/ETAS /ETALC, ETAHC,ETACC,ETART, ETALT, ETAAB, VCOEFIr
COMMON/LOSSES/DIFLOS,CCLOSS,ABLOSS,BPLOSS

COMMON/WORK1 /WORKLC,WORKHC

COMMON/CONST/CJ,G

IDT=1DT+1

BRIN-ENTHFN(FIN,TIN)

PHIIN=ENTRFN(ZIN,TIN)

1r(IDT.EQ.1) GOTO 10

IF(KASET.EQ.1) GOTO 20

GOTO 30

———-HPT CALCULATION-——eoecmccceeee -—

10 HO«HIN-WORKHC/{(1.-XI)#*(1.4FIN})

CALL HFN(FIN,HO,TO)

PRIO=ENTRFN(FIN, TO)

HOIS=RIN-(BIN-HO) /ETAHT

CALL BFN(FIN.HBOIS,TO1S)

PHIOIS=ENTRIN(FIN,TOIS)

PRAT=1./EXP(CJI/RGAS{FIN)*(PHIOIS-PHIIN))

FO=FIN

PO=PIN/PRRT

GBAR=GAVG(rO,TIN,TO1S,PHIIN,PHIOIS)
TEMPHT1=ALOG(PO/P1IN)
TEMPHT2=ALOG(TO/TIN)
EHPT=GBAR/{GBAR-1.)*TEMPHT2, TEMPHT]
WRITE(6,%)'TO=',TO, TIN="',TIN, 'PO=',PO,

>'PIN=',PIN, GBAR=' GBAR, 'ETAHT=',ETART
WRITE(6,*) ' EHPT=' ,EHPT
WRITE(9,40) .
WRITE(9,50)TIN,TO,PIN,PO,PIN,FO,ETAHT,GBAR, EHPT

RETURN

~---CALCULATE OPTIMUM BYPASS RATIO

20 PRLT=1./((1.-BPLOSS)/(1.-CCLOSS)*PRLC/PRAT*PRHT)
PHIOIS=ENTRFN(FIN,TIN)+RGAS(PIN)/CI*ALOG(1./PRLT)
CALL PHIFN(FIN,PHRIOIS,TOIS)

BOIG=ENTHFN(FIN,TOI8)
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RO«HIN-ETALT* (HIN-HOIS)
CALL HFN(FIN,RO,TO)
PRIO~ENTRFN(FIN,TO)
BETA=(1.4FIN)*(HIN-RO)/(WORKLC)-1.
c WRITE(6,*)’TURBIN BETA=',BETA
FO=FIN
PO-PIN/PRLT
GBAR=GAVG(¥O,TIN,TO1S,PHIIN,PR101S)
TEMPLT1=ALOG({PO/PIN)
TEMPLT2=ALOG{TO/TIN}
ELFT=GBAR/(GBAR-1.)*TENPLT2/TENPLT]
NRITE(9,60)
WA1TE(9,50)TIN,TO,PIN,PO,FIN,FO,ETALT,GBAR, ELPT
RETURN
Ceem- LPT CALCULATION BYPASS PRESCRIBED-
30 HO=HIN-(1.4BETA)*(WORKLC)/(1.4FIN)
CALL HFYN{(FIN, HO,TO)
PE1U=ENTREN(FIN,TO0)
HOIS=HIN+(HO-HIN)/ETALT
CALL HFN(FIN,HOIS,TOIS)
PRIOIS=ENTRIN(FIN,TO1S)
PRLT=1./EXP{CJ/RGAS(FIN)*(PBIOIS-PHIIN))
ro=rIN
PO=PIN/PRLT
GBAP~GAVG(rO,TIN,TOIS,PHIIN,PHIOIS)
TEMPLT1«ALOG(PO/PIN)
TEMPLT2=ALOG(TO/TIN)
PLPT=GBAR/(GBAR-1,)*TERPLT2 /TENPLT]
WRITE(6,*)’TO=',TO,'TIN=',TIN,'PO=*,PO, 'PIN=' ,PIN,
>'GBAR=',GBAR, 'ETALT="' ,ETALT
WRITE(6,*)’ELPT=',EBLPT
WRITE(9,60)
WEITE(9,50)TIN,TO,PIN,PO,FIN,FO,ETALT,GBAR, ELPT

40 FORMAT(SX,'STATION IDENT: HP TURBINE, STATIONS 4-5'/)

50 FORMAT(SK,*T1le’ ,75,0,2X,7'T0=",r5.0,2K, "Pl«’ ,F5.1,2%, PO=",
>75.1.2%,'F1=’,74,.3,2X,°'FO=',F4.3/,5X,"ETA=",F6.4,2X,'GBAR=",
>r6.47,5%,'ET=",¥6.4/)

60 FORMAT(SX, 'STATION IDENT: LP TURBINE, STATIONS 6-8'/)

RETURN
END
C ttd RRRRGARAABRRNRAAARAAARIRARNAARCEANRARARAROARAAACAAAACCRAARARAE
SUBROUTINE DUCT(PIN,TIN,YIN,PO,TO,FO0,RO)
COMMON/LOSSES/DIFLOS,CCLOSS ,ABLOSS, BPLOSS
PO=PIN*{1.-BPLOSS)
TO=TIN
70=0.0
HIN=FNTHFN(FIN,TIN)
PUALIR=THTREN(TIN,TIN)
HO«ENTHEN(FO,TO)
PAIO=ENTREN(FO,TO)
WRITE(9,10}
WRITE(9,20)TIN,TO,PIN,PO,FIN, PO
10 FORMAT(SX, 'RTATION IDENT: BYPASS DUCT, STATIONS 2-7'/)
20 PORMAT(SY, ' Tlw’ ,F5.0,2K, ' TO=’ ,£5.0,2X, PI=’,P5,1,2K,'P0=",
>75.1,2X,'F1a’,rd,.3,2X,00=",r4.3/)
RETURN
END
C et REAPRARARAARDAGAARGARARBABAEGRAR AR R RN NEARERRARAARARPANRQANRAGEAIR
c

(2 Xe X2l

BUBROUTINE MIXCA(PIN2,PIN1,TIN2,TIN]1,AIN2,HIN1,PIN2,PIN1, BETA,CHIN
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5>1,PIMAX,TO,FO,PO,CMO)

COMMON/CONST/CJ,G
Cl..iittQiQQOQQQQQQQQiQQ0.0Q.Q.Qtttt..d..tSTAT!H!NT FUNCTION D![!NITXQNS

PHILEN{GAMMA,AMACH)=AMACR##2 (1,4 (GANMMA-1,)/2.*AMACH**2,)/((1.4GA

SMMASAMACH##2,)*¢2 )

PSILFN(G,GAMMA ,R,AMACH)=(AMACH*SQRT(G*GANMA/R) ) /(1.+(GAMMA-1,)/2.*

SAMACH#*#2 )¢+ ( (GAMMA+1.)/(2.¢(GANNA-1.)))
C.h.lﬁh’Al.D.tﬁﬁQ.‘Qt.Q.Q....QQQQQQ.Q.QQSDLV! 'OR 'A" BTREAH HACB NUH’!R

c CHECK IF BYPASS GREATER THAN 0.0
IF (BETA.GT.0.0) THEN
GOTO S

ELSE
TO=TINI
PO=PIN1*PIMAX
HO=HIN]
FO=FIN1
CMO=CMINL
AI2AlI1=0.0

ENDIF

GO TO 9

c...lQQ.ﬁQﬁ...QOOQQQQQQQQQQQQOQQQQQQIQQ
] GLOCI2=-GLOC(FIN2,TIN2,RIN2)
c WRITE(6,*) " AMACHB=',CMIN]
GLOCI1wGLOC({FINL,TIN1,RHINY)
FLAGl=(PIN2/PIN1#(1.4(GLOCI1-1,)/2.#CMINL1242 )e+(GLOCI1/(GLOCI
3>1-1.)))**((GLOCI2-1.}/GLCCI2)
c WRITE(6,*) FLAGl="',FLAG]
IF (BETA.GT.0.0) THEN
IF(FLAGL.LE.1.0) GOTQ 60
ENCIF
CMIN2=SQRT(2./(GLOCI2-1,)#({(PIN2/PIN1(1,4(GLOCI1-1.)/2.2CHINL1%*2,
>)**(GLOCI1/(GLOCI1-1,)))*e((GLOCI2-1.)/5LOCI2)~-1.))
IF(CMIN2,.GE.0.8) GOTO 40
CQQQQQQQQOQQQQntQQQQQQQQQQiQAQQQOQSOLVE FOR MIXER INLET AREA RATIO
AI2211=BETA/(1.4FIN1)ACMINLI/CMIN2#*SOQRT((GLOCII*RGAS(FINZ)*TIN2*(1.
>4+ {GLOCI1-1.)/2,.*CMIN1#*2 ))/(GLOCI2*RGAS(FIN]1)*TIN1+*(1.+4(GLOCI2-1,
>)/2.4CMINI**2.)))
CQQQQQ..QQQQQt.h.ti..i...l.i.....tt..sobv! ron H!x!n T!HP:RATUR! RATIO
RIN2=RGAS(F1IN2)
RIN1=RGAS(FIN1)
CPIN2~CP(FIN2,TINZ)
CPIN1=CP{ZIN1,TINI)
BETAPR=BETA/(1.4FIN1)
CPO=(CPIN1+4BETAPR*CPIN2) /(1 .4+BETAPR)
TO«TIN1#(CPIN1/CPO*(1.4BETAPR*CPIN2TIN2/(CPIN1*TIN1))/(1.+4BETAPR)
>)
TAUMIX=TO/TIN1
CQQAQ.Q.QQ.QQQ‘QQQQQOQQQQQQ..Qtlitsobv: roa HXXER EXIT MACH NUMBER
FO=(BITA* T 1H2+FIN1)/(1.4BETA)
HO=ENTHEIN(FO, TO)
RO=RGAS(FO)
GLOCO=GLOC{FO,TO,RO)
PHIIN2=PHIIFN(GLOCI2,CMIN2) -
PHIIN1=PHIIFN(GLOCII,CMINY)
PARIO=(((1.+BETAPR)/(SQRT(1./PHIIN1)+BETAPR*SQRT(1./PHIIN2)*SQRT(R]
PN2*TIN2AGLOCI1/{RINI*TINI*GLOCI2))))**2,)*GLOCI1*RO*TAUNIX/(GLOCO?*
YRINL)
CMO=SQRT(2.%PHIO/({1.-2.%GLOCO*PHIO)}+SORT(1.-2,%(GLOCO+1,)*PHIO)))
c‘.l..lQQQQQQQ'QQQO....QQQQOQQQQQQQQQQQQQQBQLVB 'OR Hlxza PR:SSUR! RATIO
POI=PINI#(1.4BETAPR)*(1./(1.4AX2AI1))*8QRT{TAUNIX)*PSIL1FN(G,GLOCI)
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an

aan

>,RIN1,CMINL)/PSI1PN(G,GLOCO,RO,CHO)
Al=PSI1FN(G,GLOCI1, RIN]1,CHINL)
A2=PSI1FN{G,GLOCO,RO,CNO)
PIMIX1=POI/PINI
PINIX=PIMIXI*PIMAX
PO~PIMIX*PINI
9 WRITE(9,10)
WRITE(9,20)TIN],TIN2,TO,PINL,PIN2,PD
WRITE(9,30)PIN1,PIN2,70,CMINL,CHNIN2,CNHO,AT2ALL
RETURN
10 FORMAT(SX,'SBTATION IDENT: CONST. AREA MIXER, STATIONS 7,8-9'/)
20 FORMAT(S5X,'T1=~',F5.0,2X,'T2=',r5.0,2X,'TO=",075,0,2X,'Pl=",P5.1,2X,
>'P2=',rF5.1,2X,"'P0="',r5.1/)
30 FORMAT(S5X,'¥l=',04.3,2X,'F2~',FP4.3,2X,'70=',74.3,2X,"'Kl=’,0P4.2,2X,
>'M2e’ ,F4.2,2X,'H0="',F4.2,2X,'ARAT=",F{.2/)

40 WRITE(6,50)
50 PORMAT(SX,'FAN STREAM MACE NO 15 GREATER THAN/EQUAL TO 0.0')
RETURN

60 WRITE(6,70)
70 FORMAT{S5X,'FAN STREAM MACHB NO IS LESS THAN/EQUAL TO 0.0’)
RETURN
END
WA RRARRARRARNIANIRN AR AR AR AR AR RN R AR RAAAANRRARARANAIAROANRANARARRERREA

BUBROUTINE NOZILE(PIN,TIN,PO,TO,TOIS8,FIN,PRLC,VEXIT,EXMACH,PSO,
>1ITLAG}
COMMON/ETAS /JETALC,ETAHC ,ETALC,ETAHT ,ETALT ,ETAAB,VCOEFY
COMMON/LOSSES/DIFLOS,CCLOSS ,ABLOSS,BPLOSS
COMMON/CONST/CJ,G
PRN=1./((1.-DIFLOS)*(1.-BPLOSS)*{1.~ABLOSS)*{PRLC))
PRN=PSO/PIN
HIN=ENTHEN(FIN,TIN)
PHIIN=ENTRIFN(FIN,TIN)
GLOCO~GLOC(FIN,TIN,HIN)
PRN=PSO/PIN
IF{PRN.GE,1.0}) GOTO 30
write(6,4%)GLOCO=’,GLOCO
write(6,#}’PSO=",PS0
write(6,*)'PRNa’ ,PRN
PHIOIS~PHIIN+RGAS(FIN)/CI*ALOG(PRN}
CALL PHIFN{FIN,PHIOIS,TOIS)
HOIS=ENTHFN(FIN,TOIE)
PO=PIN*PRN
ETAN=VCOEFF#42,
AO=HIN-ETAN®{HIN-HO1S)
CALL HFN(FIN,HO,TO)
VEXIT=SQRT{2.*G*CI*({HIN-RO))
AEXIT=SQRT(G*RGAS(FIN)*TO/(1.-RGAS(FIN)/CI*TO/HO)}}
EXMACH=VEXIT/AEX1IT
WRITE({9,10)
WRITE(9,20)TIN,TO,PIN,PO,FIN,VEXIT,EXMACH
WRITE(9,25)GLOCO,PRN,AEXIT
GOTO 40
10 FORMAT(S5X,'STATION IDENT: EXHAUST NOZZLE, STATIONS 11-12°/)
20 FORMAT(5X,’'TI=',?5.0,2X,’TO=',r5.0,2X,'Pl=",r5.1,2X,'P0=",¥5.1,
>2X,°FI=",F4.3,2X,"V0=",r5.0,2X,°'M0=",74.2)
25 FORMAT(SX,'GLOCO=',r6.4,2X,'PRN=",r6.5,2X, "AEXIT=",76.1/)
30 IFLAG=1

64




40 RETURN
END
C BAA RBARARARANRRRAAAABAARARARRAAARAMAARARRREARRARARARNEARARARAAARARRRANEGRAN
[
SUBROUTINE PERF(AMACHB,FIN,VO,VEXIT,BETA,SPTHR,SFC, EXMACH)
COMMON/CONST/CJ,G
SPTHR=((1.4FIN)*VEXIT-VO)/G
SFC~FIN®*3600./BPTHR
WRITE(9,10)
NRITE(9,20)AMACHS, BSPTHR,SFC, BETA, EXMACH
WRITE(9,25)
10 FORMAT({SX,’ PERFORMANCE BARAMETERS'/)
20 FORMAT(SX, 'AMACHE=',r6.3/,5X, 'SP, THRUST =',r6.2,2X,°5FC = ',r5.3
>, 4X,'BETA= *,F6.3,2X, 'EXMACH=',F6.3)
25 FORMAT(S5X,°(LBr/LBM/S)',8X, ' (LBM/HR/LBT)'/)
RETURN
END
C #0% ARAMAACAGAAARBARARARARAARARAARAARNAAAAARARRARRARARAARAGRSAANRAMRAR
c
SUBROUTINE HFN(FRATIO,HEX,TEMPEX)
DUMMY=1,
ITERNO=0
IHEX=IFIX{HEX/100.)*100
AONE=FLOAT( IHEX)
HTWO=HONE+100,
CALL TEMP(HONE,HTWO,DUMMY,DUMMY, TEMP1, TEMP2)
10 ITERNO=ITERNO+1
IT(ITERNO.GT.50) GOTO 20
HONE=ENTHFN{FRATIC, TEMP1)
HTWO=ENTHFN(FRATIO, TEMP2)
SLOPE={HTWO~HONE)/{ TENP2-TEMP1)
TEMP1=TEMP1+(HEX-HONE) /SLOPE
HONZ=ENTHFN{FRATIO, TEMP])
IP(ABS(HONE-HEX).GT.0.002) GOTO 10
TEMPEX=TEMP1
GOTO 30
20 WRITF(6,40)
40 FORMAT(5X,'SECANT METHOD ITERATION DOES NOT CONVERGE'/)
30 RETURN
END
C AR RARARRRARAARRERARAARRANARANCARRNARBARRRARARRANARARSNINRARARGARARDROAR,Y

SUBROUTINE PHIFN(FRATIO,PHIEX, TEMPEX)
DUMNMY=1,
ITERNO=0
IPHIEX=IFIX(PHIEX*10,)
PHIONE=FLOAT(IPHIEX)*0.1
PHITWO=PHIONE+0.1
CALL TEMP{DUMMY,DUMMY,PHIONE, PHITWO, TEMP1, TEMP2)
10 ITERNO«ITERNO+1
IF(ITERNO.GT.55) GOTO 20
PHIONE~ENTREN(FRATIO,TEMP])
PHITWO=ENTRFN(FRATIO, TEMP2) -
SLOPE=(PHITWO-PHIONE)/(TEMP2-TEMPL)
TENP1=TEMP14+(PHIEX-PRYONE)/SLOPE
PHIONE=ENTRFH(FRATIO, TEMPL)
IF(ABS(PHIONE-PHIEX).GT.0.000003) GOTO 10
TEMPEX=TEMP1
GOTO 40
20 WRITE(6,35)
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35
40

C tan

C tan

10
20
25

10
20

FORMAT(S5X,’BECANT METHOD ITERATION DOES NOT CONVERGE'’/)
RETURN
END
AR A AR AR AN A SR AR RRA AR AR AR RO AR AAAAAARAAAASONEaRRRaRatRRRbR
FUNCTION STATEMENTS
RO RAA AR B A ARG GRS RN RA AN NSO AR RN AN RS ARNNREAANARGARRRSRARARSRERS
FUNCTION ENTHEN(FRATIO,TEMP)
IFP{TEMP.LT.0.0) GOTO 10
C1=0.24062
€2-0.017724£-03
C3=0.038056E£-06
C4=0.0126622-09
C5=0.00130122-12
D1=0.,22091
D2-0,518222-03
D3=0.19462€E-06
04-0.045089E-09
D5=0,0043275E-12
ENTHFNe(1,/(1.4FRATIO) ) *(CISTEMP-C2,/2 . *TEMP**2 ,4C3/3 . *TENP**3 ~Cd/
4. *TEMP** 4, +C5/5, *TEMP**5, )+ (FRATIO/(1,.4FRATIO))*(D1*TEMP+D2/2,.*TE
SHPE4T -DI/3 . *TEMP**3 +D4/4.*TEMP**4 DS /5. *TENP*+5.)
GOTO 25
WRITE{6,20)TEMP
FORMAT(SX, 'NEGATIVE TEMP IN ENTHFH ENCOUNTERED=',F6.1/}
CONTINUE
RETURN
END

FUNCTION ENTRFN{FRATIO,TEMP)
1F(TEMP.LE.0.0) GOTO 10
Ci1=0.24062
€2-0.017724g-03
C3«0.038056E-06
C4=0.012662c-09
C5«0.0013012£-12
D1+0.22091
D2=0.51022E-03
DI=D.19062£-06
D4=0.045089€-09
D5=0.00432752-12
ENTREN=(1./(1.4FRATIO) ] 4{CI4ALOG(TEMP }~C2*TEMP+CI*D, SATEMP##2, -C4/
53, %TEMP+43 . 4C5/4 *TEMP*+ 4, )+ (FRATIO/(1.+FRATIO))*(D14ALOG({TEMP)4+D2
SSTEMP-DI40.54TEMP*#2 +D4/I. 4 TEMP*43,-D5/4 . *TEMP* 4.}
RETURN
WRITE(6,20)TEMP
FORMAT(5X, "NEGATIVE/ZERO TEMP IN ENTREIN ENCOUNTERED =',F6.1)
RETURN
END

FUNCTION A(T)
Cl=, 24062
C2=1.7724E£-5
C3=3,.8056£-86 .
Cd=1.,2662E-11
C5=1.3012E-15
Dle,22091
D2=~5.1822e-4
D3=1.9462£-~7
D4=4,50892-11
D5=4.3275E-15
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A=C1l¢T-C2/2.8T*%2 4C3/3.0T#43 —CU/4.8T*4{.4C5/5,4T0+5,
RETURN
END

FUNCTION B(T)
Clw.24062
C2~1.7724E-5
C3«3,8056E-8
C4=1.2662e-11
CS5«1.3012E-15
Dle.22091
D2=% . 1822E-4
D3=1.9462E-7
D4=4.5089E-11
DS=4.3275E~-15
BeD1*T4D2/2.#T**2 ~D3/3.4T443 4D4/4 T4 . -D5/5,+T+5,
RETURN

END

FUNCTION CP{FRATIO,TEMP)

Cl=0.,24062

C2=0.017724E£-03

C3=0 C3B0S6E-06

Cd=0.012662E-09

c5«0.0013012p-12

pl.T. 22091

D2-0.51822E-03

D1=0.19462E-06

D4=".0450892-09

D5=0,0043275€£-12
CP=(1./(1.4FRATIO) ) *{C1-C2*TEMP+CI*TEMP*42 ,—CA*TEMP*+3 4CS*TEMPr*Y
>. )+ (FRATIC/(1,4FRATIO) ) *(D14D2*TEMP-DI*TEMP#*2 . +DA*TEMP*¢3 -DS*TEN
>prrd .y

RELURN

END

FUNCTION RGAS(FRAT)

WHOL {1 +FRAT!/(0.03452240.035648*FRAT)
RCL8=1545, 43 /WMOL

RETURN

END

FUNCTION GAVG(FRAT,TIN,TOIS,PHIIN,PRIOIS)

COMMON/CONST/CJ.G

WRITE{6,5)FRAT,TIN,TOIS,PHIIN,PHIOIS, CJ
FORMAT(S5x,r3.1,5x,2r8.1,5%,2rF7.2,5X,76.2)
GAVG=1./(1.~(RGAS(FRAT)/CJI})*{(ALOG(TOIS/TIN)/(PHIOIS-PRIIN))])
FET!‘QN

Env

FURCTION GLOC(FLOC,TLOC,HLOC)
COMMON/CONST/CJ,G
GLOT=1./(1.~RGAS(FLOC)/CI*TLOC/HLOC)
RETUPN

END

SUBROUTINE TEMP(HONE,RTWO,PRIONE,PHITNO, TENPL, TENP2)
JF{(HONE.¥Q.0.00).OR.(PHIONE.LE.1.3)) GOTO 10
IF!{HAONE.EQ.200,).0OR.{PHIONE.EQ.1.4)) GOTO 20
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Ir{(RONE.2Q.200.).0OR. (PHIONE.EQ.1.5)) GOTO 30
I1P( (HONE.EQ.300.).CR.(PHRIONE.EQ.1.6)) GOTO 40
Ir((HONE.2Q.400.).0OR.(PHIONE.£Q.1.7)) GOTO S50
IP((RONE.EQ.500.).0R. (PHIONE.2Q.1.8)) GOTO 60
I7((HONE.GE.600.).0R. (PRIONE.GE.1.9)) GOTO 70

WRITE(6,1)HONE, PHIONE
FORMAT({5X, 'NOTHING MATCHED:HONE=',r13,.9,5X,'PRIONE=",713.9/)
8TOP

TEMP1«0,

TEMP2=450.

RETURN

TEMP1=300.

TEMP2=800.

RETURN

TEMP1=500.
TEMP2=1250.

RETURN

TEMP1=750.
TEMF2=~1600.

RETURN

TEMP1=1100,
TEMP2=2000.

RETURN

TEMP1=1500.,
TEMP2=2400.

RETURN

TEMP1=2200.
TEMF2~3300.

RETURN

*ND

BRARR R A AR AR P AN AR RN R RN RN R AR AR AR AR AR AR GG RRAA AR AR AR RARSRARRS

PLOT SUBRQUTINES USING 'DISSPLA’' SOFTWARE - FACILITY DEPENDENT
AANA L AARARRNARRAERNAPACARR ARG ARNARGAA MM N RERARARARARIRRAARRADRNARASRA
BUBROUTINE PLOT{XARAY,YARAY,ZARAY,BPR,JJ,I1)
DIMENSION XARAY{Il),YARAY(I1l),ZARAY(11l),BPR(I1)
FEAL XARAY,YARAY,ZARAY,BPR
INTEGER 11,39
CALL PHYSOR(0.5,0.5)
CALL AREA2D(10.,7.5)
CALL FRAME
CALL GRAF(0.,’SCALE’',140.,0.,"SCALE’,100.)
CALL GRAF(50.,'SCALE’,120.,0.6,’BCALE’',1.6)
CALL XNAME('SP.T1HRUST',9)
CALL YNAME('TSFc’,4)
GOoT0(10,20,30,40,50,10,20,30,40,50),3J

10 CALL SETCLR(’YELLOW')

CALL MARKER{1S)
GOTO 60

20 CALL SETCLR{‘CYAN')

CALL MARKER{18)
GOTO &0

30 CALL BETCLA(’MAGENTA')

CALL MARKER(S5) -
GOTO 60

40 CALL SETCLR(’GREEN’)

CALL MARRER(9)
GOTO 60

50 CALL SETCLR{’'RED’)

CALL MARKER(2)

60 CALL CURVE{XARAY,YARAY,11,4+1)
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CALL ENDGR(0)
RETURN
EZND

PLOT ROUTINE USING GRAFK!T SOFTWARE

ensssscveesseow coasame EXL LY

SUBROUTINE GKSPLOTL(X1A,Y1A,Y2A,IAN4, ICPL)
PLOT OF SPECIFIC THRUST AND SFC V8 INFPUT PARAMETER
CHOICES OF INPUT PARAMETERE ARE:

1. BYPASS RATIO

2. FAN PRESSURE RATIO

3. COMPRESSOR PRESSURE RATIO

4. LPT EXIT MACHB NUMBER

REAL X1A{S0),YIA(S50),Y2A(50)
CHARACTEA RILABEL*6,YILABEL#33,Y2LABEL#*33
CHARACTER r!Gl'? Nun51-3 TOPLBL*10

Crmcanmsennscan -—ve R —

ann

BPECIFY X,Y L!FT AND Y RIGHT LABELS -

YiLA3EL='A: Specific Thrust Ibt/(1bm/e)’
Y2LABEL-"Bt SFC {lbe fuel/hr)/1lbf thrust’
CHOOSE THE X PARAMETER TO PLOT
IF (JAN4.EQ.1) TH!N
XILABEL=' BETA
ELSFIF (IAN4.EQ. 2) THEN
X1LABEL=' PRLC *
ELSTIFr (IAN4.EQ.3) THEN
XILABEL=’ PRHC ’
ELSEIFr {IAN4.EQ.4) THEN
X1LABEL=’AMACHSB'
ENDIF

WRITE(6,*})'INPUTy '
WRLITE(6,%)"’ 0 - AUTOMATICALLY DETERMINE XI1MIN AND X1IMAX'
WR112,6,%})° 1 - INPUT XIMIN AND XIMAX’
READ(S,*)IANSS
1P ‘IANSS5.EQ.1) THEN
WRITE(6,*)' INPUT XIMIN =g’
PEAD(S, *)XININ
WRITE(6,*)' INPUT XIMAX =’
READ(5,*)X1MAX
ELSE
AUTCMATICALLY DETERMINE THE MIN AND MAX X VALUZ
XIMIN«XIA(L)
X1MAX=X1A(1)
DO J=1,ICP1
RITEMP=X1A(J)
X2TEBP=X1A(J)
IF (YIMIN.GT.X1TEMP) THEN
X1KIN=X1TENP
ENDIF
IF (X1MAX.LT.X2TEMP) THEN
X1MAX=X2TEMP
ENDIF
EXD DO
ENDIP

WRITE(6,#) ' R1MIN="',X1RIN, 'X1MAX=", X1MAX
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C

Crecenemmnamcanan

————— OPEN GKS,

INPUT THE NUMBER OF THE FIGURE TO PLOT (FIG 1l)---
WRITE(6,*)*INPUT THE FIGURE NUMBER ({e 1 OR 2...)’
READ(S5, " (A9) ' )NUNB]L
WRITE(6,*)'NUMBl=',NUMB]
FIGle'FIGURE '
TOPLBL=FIGl//NUNMB]
WRITE(6, (1X,Al1}’}’TOP LABEL =’,TOPLBL

CHECK THE DATA INPUT

DO I11«1,ICP1
WRITE(6,*)I1,X1A(I1),YIA(I1),Y2A(2))
END DO

CONSTRUCT THE PLOT

WRITE(6,*)'STANDBY FOR PLOT'
OPEN AND ACTIVATE WORKSTATION.

CALL OPNGKS(1,2,1)

SET UP
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

THE COLOR TABLE

GSCR(1,0,0.00,0.00,0.50)
GSCR(1,1,1.00,1.00,0.00)
GSCR(1,2,0.00,1.00,0.50)
GSCR(1,3,0.00,1.00,1.00)
GSCR(1,4,1.00,0.00,0.00)
GSCRrR{1,5,1.00,0.00,1.00)
GSCR(1,6,1.00,0.00,1.00)
GSCR(1,7,1.00,1.00,1.00)
GSCR(1,8,0.00,0.00,0.00)

CALL
CALL
CALL
CALL

CALL
CALL
CALL

CALL
CALL
CALL

CALL
CALL
CALL

CALL

CALL

SET VIEWPOINT

AGSETY
AGSETF
AGSETE
AGSETY

(*GRID/LEFT.",
{*GRID/RIGHT.’,
{'GRID/TOP.",
{ *GRID/BOTTON.',

FOR FIRST PLOT

DEFINE THE TOP,
PUT BLANKS IN

AGSETC
AGSETI
AGSETC

AGSETC
AGSETI
AGSETC

AGSETC
AGSETI
AGSETC

AGSETC
AGSETI

BOTTOM,

AND DEFINE TRE RANGE OF USER’S DATA TO BE USED
)

.85)
.85)
.15)

LEFT AND RIGHT LABELS

FIRST CURVE LABELS

{"LABEL/NAME."',
('LINE/NUMBER.',
('LINE/TEXT.’,

{'LABEL/NAME.’,
(*LINE/NUMBER.’,
{'LINE/TEXT.',

{’LABEL/NANME.’,
( *LINE/NUMBER.’,
(*LINE/TEXT.*,

{'LABEL/NANE.’,

-1
.

'T')
100)
vy
B')
00)
")

'R )

{'LINE/NUMBEZR.',-100)

CALL AGSETC ({'LINE/TEXT.’, 't )
TURN OFF RIGHT AXIS .

CALL AGSETF ('AXIS/RIGHT/CONTROL.',0.0)
SET YMIN AND YMAX FOR FIRST PLOT

CALL AGSETF ('X/MINIMUM.’, XI1MIN)

CALL AGSETF ('X/MAXIMUM.', X1MAX)

CALL AGSETF ('Y/MINIMUM.', 0.0)

CALL AGSETr (°Y/MAXIMUM.', 120.0)
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CALL AGSTUP (X1A,1,1,I1CP1,1,Y1A,1,1,1CPL,1)

CALL AGBACK

CALL GSPLCI (7)

CALL DASHDC (*$$859$$55987 7717772 188$68568887,3,1)
Crvmeme FLOT CURVE 11 X1A VS Y1A

CALL AGCURV (X1A,1,YlA,1,1CP1,-1)

C
Cm LY
Cemnmm SET UP FOR SECOND PLOT
C-mmm= DEFINE THE TOP, BOTTOM, LEFT AND RIGHT LABELS
[ THE LARGER LINE NUMBER WRITES ABOVE PREVIOUS LABELS
CALL AGSETC (‘LABEL/NAME.’, 'T’)
CALL AGSETI {(’LINE/NUMBER.’, 100)
CALL AGSETC ('LINE/TEXT.’, TOPLBL)
(o
CALL AGSETC ('LABEL/NAME.’, ‘'B’)
CALL AGSETI {’LINE/NUMBER.’,-110)
CALL AGSETC ('LINE/TEXT.',X1LABEL)
c

CALL AGSETC ('LABEL/NAME.’, 'L’}
CALL AGSETI (’LINE/NUMBER.’, 110)
CALL AGSETC {'LINE/TEXT.’,Y1LABEL)

CALL AGSETC (’'LABEL/NAME.’, 'R')
CALL AGSETI {’LINE/NUMBER.’,-100}
CALL AGSETC ('LINE/1EAT.’',Y2LABEL)
[ TURN OFF THE TOP, BOTTOM AND LEFT AXES
CALL AGSETF (°’AXI1S/TOP/CONTROL.’,0.0)
CALL AGSETY ('AXIS/BOTTOM/CONTROL.’,0.0)
CALL AGSETF {'AX]S/LEFT/CONTROL.’,0.0}
Commem TURN ON THE RIGHT AXIS
CALL AGSETF ('AXIS/RIGHT/CONTROL.’,1.0)
[ CHANGE THE YMIN AND YMAX
CALL AGSETF ('Y/MINIKUM.’, 0.0}
CALL AGSETF {('Y/MAXIMUM.', 1.5)
[ TURN ON THE RIGHT AXIS NUMERICS
CALL AGSETF ('RIGHT/NUMERIC/TYPE.',1.E6)

CALL AGSTUP (X1A,1,},1CP1,1,Y2A,1,1,1CP1,1)
CALL AGBACK
CALL GSPLCI (4)
CALL DASHDC (’'$$SFCS’''**,8,1)
Comvmmm PLOT CURVE 2: X1A VS Y2A
CALL AGCURV (X1A,1,Y2A,1,ICFl,-2}
C-mmem CALL FRAME TO ADVANCE THE FRAME
Commmm CLOSE GRS, CLOSE AND DEACTIVATE WORKSTATION
CALL FRAME
CALL CLSGKS

Cesnenscacsnsncuncnnnena

END
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APPENDIX B

PROGRAM WRCOMP

A. PROCEDURES
1. WRCOMP
a. Log on to the VAX
b. At the DCL prompt type:

$run WRCOMPlA.......0.. runs WRCOMP program
.......... select options from screen

2. INTERFACING WITH ENGINE
a. Run ENGINE program in either configuration.

b. S$type ENCINE1.DAT or
$print ENGINE1l.DAT/que=1a210 1

c. From the ENGINE1.DAT determine:
1) Pressure out of HPC
2) Temperature out of the HPC
3) Gamma at the HPC
4) Fuel-air ratio (f) from the burner

d. Run WRCOMP1lA using these values as inputs and make
a guess for RREF.

e. If min doesn't equal mout from WRCOMP, then change
the guess for RREF and iterate until they are
equal.

f. Run ENGINE1lA in the wave rotor configuration with
the correct value for RREF.
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B. SAMPLE RESULTS

FILE WRPERF1.QUT FROM WRCOMP1A.FOR PROGRAM:
§ OF TIME STEPS K= 2000

CFLNUM=- 0.6000000

§ OF RIEMANN ITER. (QSTOP)= 20

GRID CELL WIDTH DX= 0.01

PTO - 79.20000 psi

PTOTIN= 546064 .8 Pa

RTIN - 0.19567137 Ibm/ft"3
RTOTIN = 3.134375 kg/m"3
PSEXIT] =~ 75.54148 pst
PSEXIT = 520840.2 Pa

PREF] = 188.8537 (psi)
PREF = 1302101, (Pa)

xref = 0.1800000 ]

xref) = 0.5%05512 ft

TIMING AND MASS FLOW BALANCE:
INLET PORT OPFNS AT:

N~ 741 TTOTAL~ 1.2576689 TIME~-
EXHAUST PORT CLOSES AT:

N=1014 TTOTAL= 1.7417805 TIME=
INLET PORT CLOSES AT:

N=1€81 TICIAL= 3.1865280 TIME=

P(196)=0.6P5305%
Min= 0.561596

P(201)=0.684240
Mout= 0.626005 SWLw
WAVE ROTOR PERFORMANCE MAP ANALYSIS:

SPR= 0.40 TF© =~ 1.686 TTR =1.13%5¢
PTO~ 79.20 TOTIN= 1056.00 GAMMA=1.371(
PTE~12€6.72 PE - 75.54 PREF =185.85

TREF= 21B7.9 RGUZSS=0,22520 RREF= 3.6073

835.5391

COMFUTER RUN TIME = gecs.
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0.0003768
0.0005218
0.0009547

P(203)=0,€684240

SHWRe 1

AMEXIT=0.9000
RTOTIN=3.1344
- 1707.4

FIN =»0.0165
RTIN=0.1957
TIL = 1964.0 TE




C. WRCOMP PROGRAM LISTING

Sections which are commented out with a "C" contain
features that have been disabled (eg. DISSPLA) or they contain
amplifying remarks.

C PROGRAM WRCOMP WITH VAN DER CORPUT SAMPLING AND SINGLE TIME STEP
INTEGER QPRINT, QSTOP,SWL,SWR
REAL MASSIN,MASOUT
DIMENSION WNORM(12),IDIGT(12),XARRAY{100)
DIMENSION P(203),R(203),0U(203),A(203),5(203),x(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/GLIMM] /PGLIM,RGLIM,UGLIM,PL,RL,UL,PR,RR,UR,AL,AR,GL,GR.EPS
COMMON/GLIMM2/DT,DX, X1
COMMON/FUN1/G,PA,RA,UA,RB, RNU
COMMON/SAMPLE /WNORM, IDIGT
COMMON XARRAY,N1

C CALL COMPRS

c CALL BLOWUP(1.5)

c CALL PAGE(11.0,8.5)

C CALL HWSCAL('SCREEN')

C DATA K,SWL,3SWR/2000,1,2/

c DATA N,CFLNUM,TTOTAL/0,0.60,0.0/

C DATA PTOTIN,RTOTIN,PSEXIT/547292.900,3.250,497390.1/

c DATA PREF,RREF,XREF,/1243475.4,3.60,0.1800/

DATA SWL,SWR/1,2/

C _______________________________________________________________
OPEN{UNIT«20,FJLE='WRPERF1.OUT',STATUS="NEW')
WRITE(6,*)'INPUT NUMBER OF TIME STEPS (2000):’
PEAD{S,*)EK
WRITE(20,*)'FILE WRPERF1.0UT FROM WRCOMP1A.FOR PROGRAM:'
WRITE(20, *)

WRITE(20,%)"’ § OF TIME STEPS K= ’,K
WRITE(6,*)' INPUT CFL NUMBER: (RANGE 0.2 < CFLNUM <0.8)°’
READ(S5,*)CFLNUM
WRITE(20,#%) CFLNUM= ’,CFLNUM
C _______

WRITE(6,*)’' INPUT MAX NUMBER OF RIEMANN ITERATIONS (20):”
READ(S5,*)QsSTOP
WEITE(20,3021)QSTOP

3621 FORMAT(SX,'% OF RIEMANN ITER. (QSTOP)= ',13)
WRITE(6,*) ' INPUT GRID CELL WIDTH (0.01):’
READ(S5,*)DX
WRITE(20,3022)DX

3022 FOPMAT{(S5X, 'GRID CELL WIDTH DX= ',F4.2)

Cr—mmem- INFUT TOTAL CONDITIONS INTO THE WAVE ROTOR-------ceom—ce-
WRITE(6,*) " INPUT TOTAL PRESSURE IN (PTO) (psi):’
READ(5,*)PTO

FTOTINPTO*144.%47.88026

WRITE(6,*)’ PTO =',PTO,'psi’
WRITE(6, )’ PTOTIN=',PTOTIN, 'Pa’
WRITE(20,%)" PTO =',PTO,'psi’
WRITE(20,4)’ PTOTIN=',PTOTIN, 'Pa’

WPITE(6,%)' INPUT TOTAL TEMP IN {TTOTIN) (R):'

READ(S, *)TTOTIN

WRITE(6,%)  INPUT GAMMA IN:°’

READ(S5, * ) GAMMA

G=GAMMA

WRITE(6,*%) 7 INPUT FUEL-AIR RATIO IN (FIN):'

READ(5,*)FIN
MGIN=(1.4FIN)/(0.034522+0.0356484FIN)
RGIN=1545.43/MGIN

Commmme = densi{ty in lbm/ft"3
RTIN=PTO*144.0/(RGIN*TTOTIN]
Commmmm—- density in kg/m"3

RTOTIN=RTIN®(Q,45389371.,/0.30387%%7,
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WRITE(6, %)’ RTIN = ',RTIN,’ lbom/ft 3’

WRITE(6,%)"’ RTOTIN = ' ,RTOTIN,’ kg/m"3’
WRITE(20,*)" RTIN = ',RTIN,' lbm/£t"3’
WRITE(20,*)’ RTOTIN = ',RTOTIN,' kg/m"3’

WRITE(6,%) ' INPUT TOTAL PRESSURE RATIO (TPR):’
READ(5,*)TPR
WRITE(6,#%) " INPUT EXIT MACH (ABSOLUTE):’
READ{S5, * )AMEXIT
Commmmmm COMPUTE EXIT STATIC PRESSURE
PSEXIT1=PTO*TPR/(14(G-1.)/2 . *AMEXIT#42 )%+ (G/(G-1.))
PSEXIT=-PSEXIT1+144,0#%47.88026

WRITE(6,*)’ PSEXITl = *,PSEXIT1,'psi’
WRITE(6,*)" PSEXIT = *',PSEXIT,'Pa’
WRITE(20,%)' PSEXITl « ',PSEXIT1, psi’
WRITE(2Q,*)" PSEXIT « ',PSEXIT,'Pa’
Cmmmmme INPUT REF DATA-—~— =~ e e e ————————

WRITE(6,*)'INPUT STATIC PRESSURE RATIO (SPR):’
READ(5,*)SPR

Commmeme COMPUTE PREF—m—m—mm—mosmcm—mmeacm o e c e
PREF1=PSEXIT1/SPR
PREF=PREF1%144.0%47.88026
WRITE(G,*}’ PREF1 « ' PREF1,’ (psi})’
WRITE(6,*)’ PREF « ', PREF,’ (Pa)’
WRITE(20,%}’ PREF1 = ',PREF1,’ (psi)’
WRITE(27,%)" PREF = ’,PREF,’ (FPa)’

WRITE(6,%) " INPUT GUESS FOR RREF (lbm/ft"3):’
READ(5, * )RGUESS
RREF=RGUESS*0,453594(1,,/0.3048)++3,

WRITE(6,*)’ RGUESS « ',RGUESS,' lbm/ft~3'
WRITE(G,*)’ RREF  « ’,RREF,’ kg/m~3’
Cmmmmm e INPUT XREF IN METERS—comcmo—omcome oo

WRITE(G6,*) INPUT XREF: (0.1800 m)’
READ(S, * ) XREF
Commmmm = CONVERT XREF TO FEET FOGR CORRECT DIMENSIONS ——---—-
XREF1=XREF/0.3048

WRITE(G ,*}* xtef « ' XREF,' m'

WRITE(S,*)¢ xrefl =~ ', XREF1l,' ft°

WRITE(20,+)? xref = ',XREF,’' m'

WRITE(?),*)" xrefl = ' XREF1,’ ft’

GL=GAMMA
GR=GAMMA
EPS~=1.E-06
c QSTOP=20
N1=0
JCOUNT=0
KCOUNT=0
UEXMAX=0.
MASSINQ.
MASOUT=0.
L et et START COMPUTER TIME CLOCK---——~- ———————
RINTT=0.0
RCTIME=~SECNDS(RINTT)
OPEN(UNIT=15,FILE~'WRCOMF1.DAT' ,STATUS="NEK')
C DXx=0.01
AREF=SQRT(PREF/RREY)
TIMRET«XREF/AREF
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RMU=SQRT((G~1.)/(G+1.))

X(1)=-0.54DX

ZETA=WDP{1)}

X11=DX*{WDP(0)-0.5)

DO 25 1I=2,203

X(1)=X{I-1)+0.5+DX

25 CONTINUE
DO 35 1=~1,100

XARRAY(1)=X(1%2+1)

35 CONTINUE
INITIAL DATA
CALL INITI]
CALL INIT2L(PSEXIT,PREF,RREF)
CALL INIT2R{PSEXIT,PREF,RREF)
CALL INIT3L{PSINL,RINL)
CALL INIT3R(PSINR,RINR)
NONDIMENSIONALIZATION
DO 30 I.-1,203,2

P(I)=P{1)/PREF

R{I}=R(I)/RREF

U(1)=U{1)/AREF

A(1)=A(1)/AREF

S(1)=ALOG(P(I)/R(1)**G)

30 CONTINUE
CALL PLOT1(R)
DO 40 J-1,K

NN+l

X11=DX*{WDP(0)-0.5)

QPRINT=N/50

DT=100.

DO 50 I-1,203,2
DTT=CFLNUM*DX/(2.*AMAX1(ABS(A(I)+U(XI}),ABS(A(I)-U(1))}))
DT=AMIN1(DTT,DT)

50 CONTINUE

TTOTAL=TTOTAL4DT

TIME=TTOTAL*TIMREF

XI=-XI1I

DO 60 1I=1,201,2
PL~P(1)

RL=R(1)
UL=U(1)
PR=P(142)
RR~R(I+2)
UR=U(I+42)
XITEMP=XI
IF{1.EQ.1) XI=ABS({XI)
IF((XI.EQ.201).AND.{X1.GT.0.0)) XI=-XI
CALL GLIMM(QSTOP,PSTAR,USTAR,ASTAR)
X1eXITENP
P(1+1)=PGLINM
R{1+1)=RGLIN
U(I+1)=UGLINM

60 CONTINUE

CALL GG(SWL,SWR,N, TTOTAL,TIME,UEXMAX,PTOTIN,PREY ,MASSIN, MASOUT)

DO 70 I=1,201,2
IF(X1.LT.0.) GOTO 80
P(I+42)=P(1+1)

WRITE(6,*} 'P({’',142,7)=",P{1+2)
R{(I4+2)=R(I+1)
WRITE(6,%*) R{’,1+42,')=",R(142)
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NOan

80

70

U{I+42)=U(I+1)
WRITE(6,*)'U(',142,")=",U(1+2)
A(1+42)=SORT(G*P(I+42)/R(1+2))
WRITE(G6,*)'A(’',I42,"')=" ,A(14+2)
S{1+2)=ALOG(P(I+2)/R(I+2)**G)
WRITE(6,%*)'S(’,1+42,")=',5(1+2)

GoTO 70

P{I)=P(1+1)

R{I)=R{I+1)

U(1)=U(I+1)
A(I)=SQRT(G*P(I)/R(1)})
5(1)=ALCG(P{I})/R(I)**G)

CONTINUE

IF(SWL.EQ.1) CALL BCL1

IF(SWL.EQ.2) CALL BCL2(PSEXIi,FREF)
IF(SWL.EQ.3) CALL BCL3(PSINL,RINL,PREF,RREF)
IF(SWL.EQ.4) CALL BCL4{PTOTIN,RTOTIN,PREF,RREF)
IF(SWL.EQ.5) CALL BCLS

IF(SWR.EQ.1) CALL BCR1

IF({SWR.EQ.2) CALL BCR2(PSEXIT,PREF)
IF(SWR.EQ.3) CALL BCR3I(PSINR,RINR,PREF,RREF)
IF{SWR.EQ.4) CALL BCR4(PTOTIN,RTOTIN,PREF,RREF)
IF{SWR.EQ.S5) CALL BCRS

IF(SWL.EQ.4) MASSIN=MASSIN4R(3)*U(3)+DT

IF(SWR.EQ.2) MASOUT=MASOUT+R{201)+U(201)+DT
IF(N.EQ.(QPRINT*50)) CALL PLOT2(NWN,K)

40 CONTINUE

3024
3025

3026
3027
3ozs

CALL ENDPL(O)}
CALL DONEPL

-~CALCULATE PRESSURES AND TEMPS FROM INPUT INFO~-~-

PTE=PTO*TPR
PE=FTE/((1.4(G-1.)/2.*AMEXIT**2.)**(G/(G-1.)))
PREF=PE/SPR

TREF=PREF*144./(RGIN*RGUESS)
TE=TREF*{SPR**((G-1.)/G))
TTE=TE*{1.4(G-1.)/2.%AMEXIT**2,)

CALC TOTAL TEMP RATIC FROM REF DENSITY GUESS----—-

TIR1=TPR**((G-1.)}/6G)

WRITE(20,*)

WRITE{20,3024)

WRITE(20,3025)SPR,TPR, TTRLl,FIN,AMEXIT
WRITE(20,3026)PTO,TTOTIN,G,RTIN,RTOTIN
WRITE(20,3027)PTE,PE,PREF,TTE,TE
WRITE(20,3028)TREF,RGUESS, RREF

FORMAT(2X,'WAVE ROTOR PERFORMANCE MAP ANALYSIS:’)

FORMAT(5X,'SPR=',F6.2,2X,'TPR =’,r8.2,2X,’TTR =',F6.4,2X,

> FIN =* ,¥F6.4,2X,'AMEXIT=",F6.4)

FORMAT(5X, 'PTO=',¥F6.2,2X,'TOTIN=' ,F8.2,2X,'GAMMA="',¥6.4,2X,

>'RTIN=',F6.4,2X, 'RTOTIN="',F6.4)

FORMAT(5X,'PTE=",¥6.2,2X,’PE ~’,F8.2,2X,’PREF =’,r6.2,2X,

>'TTE =',F7.1,1X,'TE ' ,F7.1)
FORMAT(4X,’TREF=',r7.1,1X, ' RGUESS=",r7.5,2X, 'RREF=

RCTIME=SECNDS{RINTT)-RCTIME
WRITE(6,*) COMFUTER RUN TIME = ',RCTIME,’' sgecs,'

WRITE{15,%)'COMPUTER RUN TIME = ', RCTIME,’ secs.’

WRITE(20,*)

WRITE(20,*)'COMPUTER RUN TIME = ’',RCTIME,’ secs.’

CLOSE(UNIT=15)
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CLOSE(UNIT=20)

STOP

END
:&Qiiilﬂa‘.ﬁﬁa.lhl‘..tQt.ttkiktﬁ.tQ.Qltﬂ.ﬁtt!.‘t..l.tt.ﬁitth.itﬁ..ti.ﬁt.

SUBROUTINE GLIMM{QSTOP,PSTAR,USTAR,ASTAR)

INTEGER Q,QSTOP

REAL ML.MR,MLN,MRN

COMMON/GLIMM1 /PGLIM,RGLIM,UGLIM,PL,RL,UL,PR,RR,UR,AL,AR,GL,GR,EPS

COMMON/GLIMM2/DT,DX, X1

DATA Q,ML,MR/0,100.,100,./

PSTAR=0.5*(PL+FPR)

COEFL=SQRT{PL*RL)}

COEFR=SQRT{PR*RR)}

ALPHA=1.
C BEGIN GODUNOV ITERATION
30 Q=Q+1
IF(PSTAR.LT.EPS) PSTAR=EPS
[of COMPUTE NEXT 1TERATION FOR ML AND MR

MLN=COEFL*PHI(PSTAR,PL)
MRN=COEFR*PHI ( PSTAR, PR)
DIFML=ABS{MLN-ML)
DIFMR=ABS(MRN-MR)

ML=MLN
MR=MREN
o COMPUTE NEW PSTAR
PTIL=PSTAR
PSTAR=(UL-UR+PL/ML+PR/MR)/{1./ML+1./MR)
PSTAR-ALPHA*PSTAR+(1.-ALPHA)*PTIL
IF(Q.LE.QSTOP) GOTO 10
IF{ABS(PSTAR-PTIL).LT.EPS) GOTO 20
c COMPUTE NEW ALPHA
ALPHA=0.5*ALPHA
Q=0
IF{(1.-ALPHA).LT.EPS) GOTO 20
10 IF(DIFML.GE.EPS) GOTO 30
IF(DIFMR.GE.EPS) GOTO 30
END OF GODUNOV ITERATION; COMPUTE USTAR
20 USTAR={PL-PR+ML*UL+MR*UR)/(ML+MR)
BEGIN SAMPLING FRCCEDURE
IF (XI.LT.USTAR4LT) GO TO 40
RIGHT SIDE; SELECT CASE OF SHOCK OR EXPANSION
1F (PSTAR.LT.PR) GO TO 50
RIGHT WAVE 1S A SHOCK WAVE
WR=UR+MR/RR
IF (XI.LT.WR*DT) GO TO 60
(o RIGHT OF RIGHT SHOCK CASE
RGLIM=RR
PGLIM=PR
UGLIM=UR
RETURN
o LEFT OF RIGHT SHOCK CASE
60 RGLIM~-MR/{USTAR-WR)
PGLIM~PSTAR
UGLIM~USTAR
RETURN
(o RIGHT WAVE IS5 A RAREFACTION WAVE
50 CONST=PR/RR**GR
RSTAR~(ESTAR/CONST)**(1./GR)}
ASTAR~SQRT(CR4PSTAR/RSTAR)
AR=SQRT(GR*PR/RR)

a o N 0
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IF (XI.GC.(USTAR+ASTAR)*DT) GO TO 70
[of LEFT OF RIGHT FAN CASE
RGLIM=RSTAR
UGLIM=USTAR
PGLIM=PSTAR
LTAG=3
RETURN
c SELECT RIGHT OF FAN OR IN FAN
70 IF (XI.GE.(UR+AR)*DT) GO TO 80
(o} IN RIGHT FAN CASE
UGLIM=2./(GR+1.)*(X1/DT-AR+{GR-1.)/2.*UR)
RGLIM=(((AR+(GR-1.)/2.*(UGLIM-UR))**2.)/(GR*CONST))**(1./(GR-1.))
PGLIM=CONST*RGLIM**GR
RETURN
c RIGHT OF RIGHT FAN CASE
80 RGLIM=RR
PGLIM=PR
UGLIM=UR
RETURN
C LEFT SIDE; SELECT CASE OF SHOCK OR RAREFACTION
40 IF (PSTAR.LT.PL) GO TO 90
C LEFT WAVE IS A SHOCK WAVE
WL=UL-~ML/RL
1F (XI.GE.WL*DT) GO TO 100
[of LEFT OF LEFT S5HOCK CASE
RGLIM=RL
PGLIM=FL
UGLIM=UL
RETURN
(o RIGHT OF LEFT SHCCK CASE
100 RGLIM=ML/(USTAR-WL)
PGLIM=~PSTAR
UGLIM=USTAR
RETURN
o LEFT WAVE 1§ A RAREFACTION WAVE
90 CONST=~FL/RLMOGL
RSTAR=(PSTAF/CONST}**{1./GL)
ASTARSQRT! 3. ¢*PSTAR/RSTAR)
AL=SQRT(GL*PL/PRL)
IF (XI.LT.(USTAR~ASTAR)*DT) GO TO 110

C RIC'T OF LEFT FAN CASE
RGLIM=RSTAR
PGLIM=PSTAR
UGLIM=USTAR
RETURN
C SELECT LEFT OF FAN OR IN FAN CASE
110 IfF (XI.LT.(UL-AL)*DT) GO TO 120
C IN LEFT FAN CASE

UGLIM=2./(Gu+1.}*(AL+{GL-1.)/2.4%UL+X1/DT)
RGLIM={ ((AL+(GL-1.)/2.%(UL-UGLIM)})**2,)/(GL*CONST))**(1,/(GL-1.))
PGLIM=CONST*RGLIM**GL
RETURN

C LEFT OF LEFT FAN CAS:

120 RGL1M~RL

PGLIM=FL
UGLIM=UL
RETURN
END

CRARB AR AR R R AR L AR N R R AR AR R ARRA R A AR AR R R AR RANR AR A RN AARARAN ARG AANRARRAR

FUNCTION PHI(Y,Z)
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10

20

Chtaen

Coaer

10

20

Chans

10

REAL RMU

COMMON/FUN1/G,PA,RA,UA,RB, RHU

EPS=1.E-06

PARAM=Y/Z

IF (ABS(1.-PARAM).GE.EPS) GO TO 10

PHI=SQRT(G)

RETURN

IF {PARAM.GE.1.) GO TO 20
PHI=(G-1.)/2.%(1.-PARAM)/(SQRT{G)*(1.-PARAM**((G-1.)/(2.%G))))
RETURN

PHI=SQRT((G+1.)/2.*PARAM+(G-1.)/2.)

RETURN

END

FUNCTION PHI1(PB)

REAL RMU

COMMON/FUN1/G,PA,FA,UA,RB,RMU
PHI1=(PB-PA)*SQRT((1.-RMU#4%2,)/(RA*(PB+RMU*#2 4PA}))
RETURN

END
ARRAARARAARRRAANRA AP RARARRARAAAANRARARRARCARRARAANRAAARA AR NAARARAARRAS AR AAS
FU.CTION PSI(PB)

REAL RMU

COMMON/FUN1/G,PA,RA,UA,RB, RHMU
PSI=SQRT(1.-RMU*#4. ) /RMU%*2_ /SQRT(RA)}*PA**(1./(2.%G))*(PB**{(G~1.)
>/(2.%G) )-PA**((G~1.)/(2.%G}))

PETURN

ENT

AR AANARRAARRAAARRARARAAR AN ARARAARRARARARARRAANANARARRARAAARAARANS ARSI RR
SUBROUTINE INIT1

DIMENSION P{203),R(203),U(203),A(203),5(203),X(203)
COMMON/FUN1/G, PA,RA,UA,RB, RMU
COMMON/SUBS/P,R,U,A,S,X

po 10 1=-1,9,2

P(I)=810600.00

R{1)=0.7132

U(1)=644.4

A({I1)}=SQRT(G*P(I)/R(1)}))

CONTINUE

Lo 20 1-11,203,2

P(1)=101325.0

R{I)=1.22

U{1)=0.0

A(I)=SQRT(G*P(1}/R(1})

CONTINUE

RETURN

END
RRAPARNAARRARAARAR RN EAR P AARRNARARNAARANAARAARARARARRRARRI AN ARRAA RN
SUBROUTINE INIT2R{PSEXRIT,PREF,RREF)

DIMENSION P(203),R(203),U(203),A(203),5(203),X(203)
COMMON/FUN1/G,PA,RA,UA,RB, RMU
COMMON/SUBS/P,R,U,A,S,X

Do 10 1-3,201,2

P(I)=PREF

R(1)=RREF

U(1)=0.0

A(1)=SQRT(P{I)*G/R(1))

CONTINUE

P{1)=P(3)

R(1)=R(3)

U(l)=-U(3)
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A{1)=SQRT(G*P(1)/R(1}))
P(203)=PSEXIT
R(203)=R(201)
PA=P(201)
RA=R(201)
UA=-U(201)
PB=P(203)
RB=R(201)
IF(PA.GT.PB) GO TO 20
U(203)=UA-PHI1(PB)
GO TO 30
20 U(203)=UA-PSI(PB)
30 A(203)=SQRT(G*P(203)/R(203))
RETURN
END
ctﬁﬁﬁﬁﬁﬁﬁtithhﬁiﬁitiittili..ﬁiﬁttﬁ.ﬂﬁﬁititttiiit..iitﬁﬁ.iiﬁﬁa.ﬁ
SUBROUTINE INIT2L(PSEXIT)
DIMENSION P(203),R(203),U(203),A(203),5(203),x(203)
COMMON/FUN1 /G, PA,RA,UA, RB, RMU
COMMON/SUBS/P,R,U,A,S,X
DO 10 I=3,201,2
P(I1)=285080.0
R{1})=0.8%97
U(1)=0.0
A{1)=SQRT(G*P(1)/R(1))
10 CONTINUE
RETURN
END
ChtﬁtﬁinannhitnQlaaﬁtﬁﬁﬁiﬁ.a.ﬁﬂ'.itit.ﬂ!ﬂﬁit.ﬁtﬁ.tﬁitt....ﬂ
SUBROUTINE INIT3L(PSINL,RINL)
DIMENSIC™ P(203),R(203),v(203),A(203),5(203),X(203})
COMMON/FUN1/G,PA,RA,UA, RB, RMU
COMMON/SUBS/P,R,U,A,5,X
DO 10 1=3,201,2
P(1)=2390000.0
R(1)=9.787
U(1)=0.0
A{I)eSQRT{G*P(I)/R(I}}
10 CONTINUE
P/1)«FSIVL
R(1)=RINL
PA=P(3)
RA=R(3)
UA=U(3)
PB=P(1)
U(l)=UA+PHI1(PB)
A(1)=SQRT(G*P(1)/R(1))
P(200'=pP(201)
R(203)=R(201)
U(203)=-U(201)
A(203)=SQRT(G*P(203)/R({203))
RETURN
END
ca..itﬁa9.&.0.iQ'QQQ!QQQQ.QQ!QQQQQititttiﬁﬂtttitthttiﬁiilaiﬁt
SUBROUTINE INITIR(PSINR,RINR)
DIMERNSION P(203),R{203),U(203),A(203),S5(203),Xx(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/FUN1 /G, PA,RA,UA,RB, RMU
DO 10 1=3,201,2
P(1)=2421667.5
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R(I)=9.787
U(1)=0.0
A(I)=SQRT(G*P(I)/R(1))
10 CONTINUE
P(203)=PSINR
PA=P(201)
RA=R(201)
UA=U(201)
PB=P(203)
U(203)=UA-PHI1(PB)
R(203)=RINR
A({203)=SORT(G*P(203)/R(203))
P(l)=pP(3)
R(1)=R(3)
U(l)=-u(3)
A(1)=SQRT(G*P(1)/R{1))
RETURN
END
cﬂtﬁ.hQQQQQhtttt.QiiQQQ*QQ'QﬁﬁiQQtiﬁt.tlﬁtitﬁtt.ﬁhk'!...tit.ﬁti
SUBROUTINE BCL1
DIMENSION P(203),R(203),U(203),A(203),56(203),%X(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/FUN1/G,PA,RA,UA,RB, RMU
P(1)=P(3)
R{1)=R(3)
U{l)=-U{(3)
A(1)=SQRT(G*P{1)/R(1))
RETURN
END
Ciﬁﬁtﬁ
SUBROUTINE BCR3I{PSINR,RINR,PREF,RREF)
DIMENSION P{203),R(203),U(203),A(203),5(203),X(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/FUN1/G,PA,RA,UA,RB, RMU
F(203)=PSINR/PREF
R(203)=RINR/RREF
PA=P(201)
RA=R(201)
UA=U(201)
PB=P(203)
U{203)=UA-PHI1(PB)
A(203)=SQRT(G*P(203)/R(203))
RETURN
END
Ciﬁﬁﬂi
SUBROUTINE BCL3(PSINL,RINL,PREF,RREF)
DIMENSION P(203),R(203),U{203),A(203),5(203),%X(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/FUN1/G,PA,RA,UA,RB,RMU
P(1)=PSINL/PREF
R(1)=RINL/RREF
PA=P(3)
RA=R(3)
UA=U(3)
PB=P(1)
U(1)=UA+PHI1(PB)
A{1)=SQRT(G*P{1)/R(1))
RETURN

END
Chonan
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SUBROUTINE BCR1
DIMENSION P(203),R(203),V{203),A(203),5(203),X(203)
COMMCN/SUBS/P,R,U,A,S,X
COMMON,’FUN1 /G, PA,RA,UA,RB, RNU
P(203)=P{201)
R(203)=R(201)
V(203)=-U(201)
A(203)=SORT(G*P(203)/R(203}])
RETURN
END
CQQQQQ
SUBROUTINE BCL2(PSEXIT,PREF)
DIMENSION P{203),R(203),U(203),A(203),8(203),%X(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/FUN} /G, PA,RA,UA,RB, RNU
P(1)=PSEXIT/PREF
R{1)=R{3)
U(l)=u(3)
A(1)1=SQRT(G*P(1}/R(1})
RETURN
END
Cﬁtthi
SUBROUTINT BCR2(PSEXIT,PREF)
DIMENSION P(203),R(203),U(203) A(203),5(203),X(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON/FUN1/G,PA,RA,UA,RB,RMU
P(203)=PSEXIT/PREF
R(203)=R(201)
FA~P(201)
RA~R!201}
UA=U(201)
PBeF(203)
RB=R(203)
IF(PA.GT.FPB} GO TO 10
U(203)=UA-PHI1{PR)
GO TO 20
10 U(203)=UA-PSI(PB)
20 A(203)=SQRT(G*P(203)/R(203}))
RETURN
END
Cnthl.aiﬁuttﬁi.ohﬁtiiatitﬂttlﬁitittaﬁtttﬂﬂﬁtilttﬁtﬂltﬁi'&
FUNCTION WDP(II)
DIMENSION WNORM(12),IDIGT(12)
COMMON/SAMFPLE /WNORM,IDIGT
If (II1.EQ.0) GO T0 10
Llm2
L2=1
PO 20 JJ=1,12
IDIGT(JJ)=0
WNORM(JJ)=1./FLOAT(L1#43J)
20 CONTINUE
WDPwD .
RETURN
10 DO 40 JJ=1,12
Lle2
L2=1
KJ0=IDIGT(J3J)
KIN=MOD({ (KJO+1},L1)
IDIGT(JJ)=RJIN
1r (KJO.LT.KJIN} GO TO 50
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40 CONTINUE
50 SUM=0.
DO 60 JJ=1,12
KNEW=MOD(IDIGT(JJ)*L2,L1)
SUM=SUM+FLOAT(KNewW ) *WNORM(JJ)
60 CONTINUE
WDP=SUM
RETURN
END
CQQ..Q.QQQttih'ttiittt*.ﬁ...ﬁattttittiﬁ‘.ﬂ.lﬁ..ﬁt.tiai..iﬁtitttﬁtﬁittnt
SUBROUTINE PLOT2(N,K)
DIMENSION XORG(4),YORG(4),YMAX(4),YMIN(4), RNT(4),IYNAM(10)
DIMENSION PARRAY(100),RARRAY(100),UARRAY(100),5ARRAY(100),XARRAY(1
>00)
DIMENSION P(203),R(203),U(203),A(203),5(203),X(203)
COMMON/SUBS/P,R,U,A,S,X
COMMON XARRAY
DATA XORG/0.5,4.75,0.5,4.75/
DATA YORG/0.5,0.5,4.75,4.75/
DATA YMAX/2.50,2.5,2.5,2.5/
DATA YMIN,/0.0,0.0,-1.0,-2.0/
DATA KNT/1,4,5,9/
DATA IYNAM/'PRES','SURE’',’'S$ ', 'DENS’,’'ITYS$',"VELO', 'CITY’,’$ '
>, "ENTR','OPYS$'/
PO 200 1-1,100
PARRAY(1)wP(1%24+1)
RARRAY({I)=~R{I%2+1])
UARRAY(I)=~U(I*2+1)
SARRAY(I)=S(I*2+1)
200 CONTINUE
DO 300 1-1,4
CALL PHYSOR(XORG(1),YORG(1))
CALL AREA2D(3.5,3.5)
CALL XNAME('X',1)
CALL YNAME(IYNAM(ENT(1)),100)
CALL GRAF(0.,’SCALE’,1.0,YMIN(1),'SCALE',¥YMAX(1))
IF(1.EQ.1) CALL SETCLR('YELLOW’)
IF(1.EQ.2) CALL SETCLR(‘CYAN')
1°(7.EQ.3) CALL SETCLR('RED')
IF{1.E3.4) CALL SETCLR{'MAGENTA')
IF(N.EQ.K) CALL SETCLR{'WHITE')
o4 IF(N.EQ.2398) CALL SETCLR('BLUE’)
IF(1.EQ.1) CALL CURVE (XARRAY,PARRAY,100,0)
IF(I.EQ.2) CALL CURVE (XARRAY,RARRAY,100,0)
1F(I.EQ.3) CALL CURVE (XARRAY,UARRAY,100,0)
1F(1.EQ.4) CALL CURVE (XARRAY,SARRAY,100,0)
CALL ENDGR(0)
300 CONTINUE
RETURN
END
PAARRARACRARR G AARAR S A IR AANRARNARARAARARAARARNARARRAAARAAN DI AR R AN AR
SUBROUTINE PLOTI(K)
DIMENSION XORG{d4),YORG(4),YMAX(4),YMIN(4)
DATA XORG/0.5,4.75,0.5,4.75/
DATA YORG/0.5,0.5,4.75,4.75/
DATA YMAX/2.%50,2.5,2.5,2.5/
DATA YMIN/0.0,0.0,-1.0,-2.0/
DO 10 [=1,4
CALL PHYSJO®R{XORG(1l),YORG(1))
CALL AREA2D(5.%,3.5)

ANAONOAONANANNAANAANANOO00aNNANOA0AONaANNAdAAONOONAN
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CALL FRAME
CALL GRAF(O0.,"SCALE’,1.0,YMIN(I), 'SCALE’,YMAX(I))
CALL ENDGR(O0)
10 CONTINUE
CALL PHYSOR(8.5,0.5)
CALL AREA2D(2.25,7.75)
CALL FRANE
CALL GRAF{0.,’SCALE’,1.,0,'SCALE’,K)
CALL ENDGR(0)
RETURN
END
ARAAAARARNBARAARRAAA R AR A ARARAARANARARARNAAINANRAARAAACAANARRRASRNA
SUBROUTINE BCL4 (PTOTIN,RTOTIN,PREF,RREF)
INTEGER QOUT
DIMENSION P(203),R(203),U(203),A(203),8(203),%X(203)
DIMENSION QR(3)
DIMENSION XARRAY(100)
COMMON/SUBS/P,R,U,A,S,X
COMNOI}/FUKL, G,PA,RA,UA,RB,RMU
COMMON XARRAY,N1
Nl=N141
QR(3)w2./(G-1.)*A(3)~-U(3)
QOUT=N1/5
PTOT=FTOTIN/PREF
RTOT=RTOTIN/RREF
ATOT=SQRT{G*FTOT/RTOT)
STOT=ALOG(PTOT/RTOT**G)
U(1)'=U(3)
A(1)=SQRT(ATOT*#2,-(G-1.)/2.%ABS(U(1))**2.)
QR(1)=2.,1C-1.)*A(1)-U(1l)
AMACH=U(1)/A(1)
IF(AMACH.LT.0.0) GO TO 60
P(1)=PTOT/(1.4(G-1.)/2.%AMACH**2 )**(G/(G-1.})
R{1)=RTOT/(1.4(G-1.)/2. 2AMACH**2 }**(1./{G-1.))
§{1)=ALOG(P(1)/R{1)**G)
GO TO 50
60 P(1)=PTOL/i1.4{G-1.)/2.*ABS(AMACH)**2 )**(G/{G-1.))
R{1)=RTOT/(1.4+{G-1.)/2.*ABS(AMACH)**2 )#+*{1,/(G-1.))
S(1)=ALOCI: {1} /R{1)%*G)
50 IF(N1.EQ.5*QOUT) WRITE(10,1) A(1),A(3),U(1),U(3),N1
1 FORMAT{(2Y,4¥9.6,5X,15)
T "TURN
EiiD
Chanss
SUBROUTINE BCR4 (PTOTIN,RTOTIN,PREF,RREF)
INTEGER QOUT
DIMENSION P(203),R{203),U(203),A{203),5(203),%x(203)
DIMENSION QL({202)
DIMENSION XARRAY(110)
COMMON/8UBS/P,R,U,A,S,X
COMMON/FUN1/G,PA,RA,UA,RB, RMU
COMMON XARRAY, N1
Nl=N1l41
QL(201)=2./(G-21.)*A(201)+U(201)
QOUT=N1/25
PTOT=PTOTIN/PREF
RTOT=RTOTIN/RREF
ATOT=SQRT{G*PTOT/RTOT)
STOT=ALOG{FTOT/RTOT*4G)
U(203)=U(201)
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A(203)=SQRT(ATOT**%2.-(G-1.)/2.*ABS(U{203])#%*2.)
QL(2C3)w2./(G~-1.J*A(203)4U(203)

AMACH=U{203}/A(203)

IF{AMACH.LT.0.0) GO TO 60
P(203)~PTOT/{1.4(G-1.)/2.*AMACH**2 )*+(G/(G-1.))
R{203)~RTOT/{1.4{G-1,)/2.*AHACHA*2.)**(1./(G-1.))
${203)=ALOG(P(203)/R{203)%*G)

GO TO 50
P(203)=PTOT/{1.4(G-1.)/2.*ABS{AMACH)**2 **(G/(G-1.))
R{203)=RTOT/(1.4(G-1.)/2.*ABS{AMACH]**2 }#*+(1,/(G-1.))
S(203)=ALOG(P(203)/R(203)**G)

IF(N1.EQ.2540Q0UT) WRITE(1D,1) P(201),0(201),N1 N
FORMAT(2X,2r13.6,5%,215)

RETURN

END
*

SUBROUTINE BCLS

DIMENSION P({203),R(203),U(203),A(2031,85(203}),%X(203)
COMMON,/SUBS/P,R,U,A,S5,X

P(1}=P(3)

R{1)=R({3)

U({l)=0(3)

A(1)=A(3)

RETUFRN

END
*

SUBROUTINE BCRS

DIMENSION P(203),R{203),0(203),A(203),8(203),X(203)
COMMON,/SUBS /P,R,U,A,S,X

P(203)=pP(201)

R{203)=R{201})

U(203)=uU(201)

A(203)=A(201)

RETURN

END
ARAARARAAAAGRARARARRS A ARDEAR N AR RN ARSI AR AR R AN RN AR AN R AANI N AARRARARAAR N AN d
SUBROUTINE CZ(SWL,SWR,N,TTOTAL,TIME,UEXMAX,PTOTIN, PREF,MASSIN,MASO
AyT)

INTEGER SWL,SWR

R. VL, MASSIN,MASOUT

DIMENSION P{203),R(203),U(203),A(203),8(203),X(203)
COMMON/SUBS/P,R,U,A,S8,X
IF((SWL.EQ.1).AND.(SKR.EQ.2})) GO TO 10
IF((SWL.EQ.4).AND.(SWR.EQ.2)) GO TO 30
IF{(SWL.EQ.4).AND.(SWR.ED.1)) GO TO 5S¢
IF({(8SWL,EQ.1).AND.(SWR.EQ.1)) RETURN

PWALL=P (2}

IF({PWALL.LE.(PTOTIN/PREF}) GO TO 20

RETURN

SWh=4

WRITE(6,74)

WRITE{6,75) N,TTOTAL,TINE

WRITE(15,74)

WRITE(15,7%) N,TTOTAL,TIME

WRITE(20,+)
WRITE(Z20,*)'TIMING AND MASS FLOW BALANCE:'

WRITE(20,74)

WRITE({20,75) N,TTOTAL,TIME

RETURN

UEXRIT=U{202)
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40

50

60

73
74
75
78
76
77

IF(UEXMAX.LT.UEXIT) UEXMAX=UEXIT
IF{UEXIT.LT.UEXMAX/2.) GO TO 40
RETURN
SWR=1
WRITE(6,76)
WRITE(6,75) N,TTOTAL,TIME
WRITE(15,76)
WRITE(15,75) N,TTOTAL,TIME
WRITE(20,76)
WRITE(20,75) N,TTOTAL,TIME
RETURN
P1SHOR=P(2)
IF(N.EQ.1590) GO TO 60
IF(P1SHOK.GT.PTOTIN/PREF) GO TO 60
RETURN
SWiml
WRITE(6,77)
WRITE(15,77)
WRITE(20,77)
WRITE(6,75) N,TTOTAL,TIME
WRITE(15,75) N,TTOTAL,TIME
WRITE(20,75) N,TTOTAL,TINE
WRITE(6,78) P(199),P(201),F(203)
WRITE(15,78) P(199},P({201),P(203)
WRITE(20,78) P(199),P(201),P(203)
WRITE(6,73) MASSIN,MASOUT, SWL,SWR
WRITE(15,73) MASSIN,MASOUT,SWL,SWR
WRITE(20,73) MASSIN,MASOUT, SWL,SWR
FORMAT(SX,'Hin-',F9.6,2X,'Mout-',F9.6,5X,'SWL-',Id,ZX,'SNR-',I4)
FORMAT(SX,’INLET PORT OFENS AT:')
FORMAT(SX,'N-',IA,SX,'TTOTAL-',F14.7,2X,'TIHE-',F14.7)
FORMAT(ZX,'P(199)=",F8.6,2X, 'P(20i}=’,006.6,2X,'P{203)="',F8.6)
FORMAT(5X, 'EXHAUST PORT CLOSES AT:')
FORMAT(5X,'INLET PORT CLOSES AT:')
RETURN
END
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APPENDIX C

COMPUTER SYSTEM AIDS

A. TRANSFERRING FILES
1. FROM MAINFRAME TO AERO PC LAB
The following procedures use SIMPC to download
programs from the NPS mainframe to the Aero Department's PC
Lab. The modem and SIMPC hooked up to the IBM PC-XT-2 in the
Aero PC lab. The following boldfaced commands outline the
procedures.

C\ <dir> >cd\SIMPC......... change dir to SIMPC dir
C\SIMPC>SIMPC ACCESS.SIM...execute SIMPC macro ACCESS.SIM

LOGON: 9812P ....logon to mainframe (user number)
PASSWORD: ....enter your mainframe password
<enter> ....2xecutes your PROFILE.EXEC

FORSIMPC GET ENGINE FORTRAN Aal..file to copy from
mainframe

A:ENGIKNE.FOR

FORSIMPC PRINT ENGINE FORTRAN Al..optional if you wanted
to send your file to the current printer.

LOGOFF ...logoff the mainframe
<ALT> <G> ...hangs up the modemnm
<ALT> <Q> .+.quits SIMPC and returns to DOS
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The procedure above uses the macro ACCESS.SIM which
was written specifically to link between the Aero PC lab nd
the NPS mainframe.

2. FROM AERO P.C. LAB TO VAX SYSTEM

The following procedure uses PROCOMM, an executable
modem 1link, and ALT 0, a modem macro written specifically to
link the Aero PC lab to the Aero VAX lab. KERMIT is the
actual file transferring program.

C\ <dir> >cd\COM...change to COM directory.

FROCOMNM .executible program
<ALT> O .racro modem link

ATDT2953

CONNECT

USERNAME: GUEST .gouge username

PASSWORD: .password will not appear

Are you logged on from a PC? Y
Do you want to connect to WASP? Y

Usernane: .typical VAX logon
Password: .
C\>KERMIT ..executes file transfer program

to send a file:

Receive <RCOMP1l.FOR...Program you wish to call

F3: WRLt ?.FOR ... file you wish to send but this file
must be in the PROCOMM dir on the C (hard) drive!

LOGOFF ...1og0ff the VAX
<ALT> x ...exits PROCOMM

If you have any difficulties F10 is the help menu!
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B. USING "SIGHT" UTILITY ON THE VAX

SIGHT is a utility drawing program available on the Aero
Department VAX computer. It was used to create pop-up menus
for the configurations for the ENGINE program. To run SIGHT,
at the DCL prompt enter

$SIGHT
A pop-up menu provides simple instructions. Save your drawing
as a <fn>.UIS file and then use the VAX '"render" command to
create your output file as a <fn>.REN file. An example for
sending creating and sending an output file to the laser
({1n03) printer is:

SRENDER <fn>.UIS/DEVICE_ TYPE=1noO3

SPRINT/PASSALL/QUE=1nC3 fn.REN
SIGHT can be used to generate a picture from inside a program.
This can be done by inserting the following statement in a
(FORTRAN) program.

CALL LIBSSPAWN ('RENDER <fn>.UIS')

This was done for the ENGINE program.

90




C. GRAFkit PROCEDURES

PLOT3.FOR is a GRAFkit plotting program which was
incorporated in the ENGINE1A.FOR program. PLOT3.FOR will be
available as an engine performance plotting program on the VAX
network. It can accept up to 50 separate data input= for a
selected X-axis, a Yl-axis for specific thrust, and a Y2-axis
for specific fuel consumption. The instructions for running
PLOT3.FOR are included in the comments section of the program

listing.

PLOT3.FOR program listing

C-vm-- TH1S PLOTTING PROGRAM USES GRAFKIT SOFTWARE---------
Cavm—- ENSURE THE FOLLOWING SEQUZENCE IS ENTERED PRIOR TO
C EXECUTION OF PLOT3:
c l1z32on the VAX
C GRSETUP
c $uis
cC $RUN PLOT3
Comm= 1F¥ YOU WANT YOUR RESULTS SENT TO EITHER THE LASER OR
C HIGH SPEED PRINTERS:
C logon the VAX
C SGKRSETUP
d $1n03
C SDEFINE GK_OUT PLOT.DAT ("PLOT.DAT" IS YOUR)
c $51n03s_ep (OUTPUT fn.ft )
c SRUN pLOT3
Toeenan ..to send output to the selected printer:
C $FRINT/PASSALL/QUE=LNO3 PLOT.DAT
Cmm e e v e e e e e e e = o =
PROGRAM PLOT3
REAL X1(50),Y1(50),¥Y2(50)
CHARACTER X1LABEL*10,YILABEL#*33,Y2LABEL*32
CHARACTER FIG1*7,NUMB1+3,TOPLBL*10
(o T T e R
Cemm== SPECIrY X,Y LEFT AND Y RIGHT LABELS~+v--rm-—-veme———mme
C
YILAREL="A: Specific Thrust 1bf/(1bm/s} "’
YZLABEL~'P: SFC (1bm fuel/hr)/1bf thrust'
Crmmm= CHOOSE THE X PARAMETER TO PLOT
WRITE(6,*) ' CHOOSE YOUR X AXIS LABEL(i.e. 1):’
WRITE(6,*)" 1. BYPASS RATIO’
WRITE(6,%)" 2. FAN PRESSURE RATIO’
WRITE(6,*)" 3. COMPRESSOR RATIO'
WRITE(6,*)" 4. LPT EXIT MACH NUMBER'
WRITE(6,*)’ 5. OTHER (MAX 10 CHARACTERS)’

READ(5, *)1ANS S

1f (IANS4.EQ.1) THEN
XILABEL=' BETA '

ELSEIF (1ANS4.£Q.2) THEN
X1LABEL=' PRLC '

ELSEI? (IANS4.EQ.3) THEN
X1LABEL=’ PRHC *

ELSEIF (IANS4.EQ.4) TREN
X1LABEL='AMACHB'

ELSEIF (IANS4.EQ.5) THEN

WRAIT{G,*)  INrUl A AAIS LATE":’
READ(S, ' (A10) ' )X1LABEL
ENDIT
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c
C-----CHOOSE THE NUMBER OF DATA PT5 TO PLOT MAXKeS50-cmc—ac—we-

WRITE(6,*)’' INPUT NUMBER OF DATA POINTS TO PLOT (MAX=50)'
READ(S,*) 1CP}
Cmmmm INPFUT X AX1S VALUES:

WRITE(6,*)" INPUT VALUES FOR ' ,X1LABEL
DO I=1,1CPI
WRITE(6,1000)'X({*,1,') =*
READ(S,*)X1(I)
END DO

WRITE(E,*)’ INPUT: '
WRITE(6,*)’ 0 - AUTOMATICALLY DETERNMINE XIMIN AND XIMAX'
WRITE(6,*)"’ 1 - INPUT X1MIN AND X1MAX'
READ(S5,*)IANSS
IF (IANSS,.EQ.1) THEN
WRITE{6,*)’ INPUT XIMIN w~g’
PEAD(5,* ) X1MIN
WRITE(6,*)’ INPUT XIMAX w:’
READ(S, *)X1MAX
Commm AUTOMATICALLY DETERMINE THE MIN AND MAX X VALUE
ELSE
XIMIN=X1(1)
X1MAX=X1(1)
DO J=1,ICP1
X1TEMP=X1(J)
X2TEMP=X1(J)
IF {XIMIN.GT.X1TEMP) THEN
X1MIN«X1TEMP
ENDIF
IF {XIMAX.LT.X2TEMP) THEN
X1MAX=X2TENP
ENDIY
END DO
ENDIF
[ INPUT VALUES FOR YI AND Y2 ARRAYS
WRITE(6,*)' INPUT VALUES FOR *,YILABEL
poO J=1,1ICPI1
WRITE{6,1000) Y1(’',J,’) =
READ(S5,#*}Y1())
END DO
WRITE(6,*) ' INPUT VALUES FOR ',Y2LABEL
DO K=1,1CP1
WRITE(6,1000) Y2("' ,K,’) ='
READ(5,%)Y2(K)}
END DO
1000 FORMAT(1X,A3,12,A3)

Commm INPUT THE NUMBER OF THZ FIGURE TO PLOT (FIG 1)---

WRITE(6,+)'INPUT TRE FIGURE NUMBER (ie 1 OR 2...)'
READ(S,*(A9)” )NUMBL

c NRITE(6,*)"NUMBl="’ ,NUMB]
FIGl='FIGURE °*
TOPLBL=FIG1//NUMB]

[ WRITE(6, (1X,A11)")’TOP LABEL =', TOPLBL

C [T Y -

Commmm CONSTRUCT THE PLOT

WRITE(6,*)’8TANDBY FOR PLOT'
Lo OPEN GKS, OPEN AND ACTIVATE WORKSTATION.
CALL OPNGKS(1,12,1)

c SET UP THE COLOR TABLE
CALL GSCR(1,0,0.00,0.00,0.50)
CALL GSCR(1,1,1.00,1.00,0.00)
CALL GSCR(1,2,0.00,1.00,0.50)
CALL GSCRr(1,3,0.09,1.00,1.00)

CALL GSCR(1,4,1.00,0.00,0.00)

CALL GSCR(1,5,1.00,0.00,1.00)

CALL GSCR(1,6,1.00,0.00,1.00)

CALL GSCR(1,7,1.00,1.00,1.00)
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CALL GSCR(1,8,0.00,0.00,0.00)

c
C-———- SET VIEWPOINT AND DEFINE THE RANGE OF USER'S DATA TO BE USED
CALL AGSETY ('GRID/LEFT.’, .15)
CALL AGSETF ('GRID/RIGHT.’, .85)
CALL AGSETF {'GRID/TOP.’, .85}
CALL AGSETF (’GRID/BOTTOM.', .15)
C-—-=- SET UP FOR FIRST FPLOT
C--==-- DEFINE THE TOP, BOTTOM, LEFT AND RIGHT LABELS
C-mm-= PUT BLANKS IN FIRST CURVE LABELS
CALL AGSETC (’'LABEL/NAME.’, 'T')
CALL AGSET1 ('LINE/NUMBER.', 100)
CALL AGSETC {'LINE/TEXT.', r )
c
CALL AGSETC ('LABEL/NAME.’, ‘B’]}
CALL AGSETI (’LINE/NUMBER.’,-100)
CALL AGSETC ('LINE/TEXT.', vy
c
CALL AGSETC {'LABEL/NAME.', ‘L’)
CALL AGSETY (’LINE/NUMBER.’, 100}
CALL AGSETC {'LINE/TEXT.’, ror)
CALL AGSETC ('LABEL/NAME.', 'R')
CALL AGSETI ('LINE/NUMBER.’,-100)
CALL AGSETC (’LINE/TEXT.’, vy
[ TURN OFF RIGHT AXI1S
CALL AGSETF {'AXIS/RIGHT/CONTROL.’,0.0)
Comvmm SET YMIN AND YMAX FOR FIRST PLOT
CALL AGSETF (’X/MINIMUM.’, X1MIN)
CALL AGSETF ('X/MAXIMUM.', X1MAX)
CALL AGSETF ('Y/MINIMUM.', 0.0)
CALL AGSETY {'Y/MAXIMUM.', 120.0)
Crmmmm-

CALL AGSTUP (X1,1,1,1CPl,1,¥1,1,1,1CP1,1)

CALL AGBACK

CALL GSPLCI (7)

CALL DASHDC (’$§$$SSS§888 o rrrrrg45986586567,3,1)
R PLOT CURVE 1: X1 VS ¥l

CALL AGCURV (X1,1,Y1,1,I1CP1,-1)

(eccsnssrensnsavesenwnas
Crmmm SET UP FOR SECOND PLOT
Crrmmm DEFINE THE TOP, BOTIOM, LEFT AND RIGHT LABELS
C-~--- THE LARGER LINE NUMBER WRITES ABOVE PREVIOUS LABELS
CALL AGSETC ('LABEL/NAME.', ‘T’')
CALL AGSETI ('LINE/NUMBER.’, 100])
CALL AGSETC ('LINE/TEXT.’,TOPLBL)

CALL AGSETC ('LABEL/NAME.’, 'B’)
CALL AGSETI ('LINE/NUMBER.',-110)
CALL AGSETC (’LINE/TEXT.’,X1LABEL)

CALL AGSETC ('LABEL/NAME.’,. L)
CALL AGSETI {(’LINE/NUMBER.', 110)
CALL AGSETC (’'LINE/TEXT.’,YILABEL)

CALL AGSETC (°’LABEL/NAME.', 'R')
CALL AGSETI ('LINE/NUMBER.', -100)
CALL AGSETC ('LINE/TEXT.',Y2LABEL)

C TURN OFF THE TOP, BOTTOM AND LEFT AXES
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CALL AGSETY ('AXIS/TOP/CONTROL.',0.0)
CALL AGSETY ('AX!S/BOTTOH/CONTRDL.',0.0)
CALL AGSETF (’AX!S/L!?T/CONTROL.',0.0)

Comm~ TURN ON THE RIGHT ARXIS
CAL. AGSETY ('AXIS/KIGHT/CONTROL,',1.0)
Commen CRANGE THE YMIN ARD YMAX

CALL AGSETY {’Y/MININUM.', 0.0)
CALL AGSETF U'Y/MAXIMUM.', 1.5)
Commmm TURN ON THE RIGHT AX1S NUMERICS
CALL AGSETF {* RIGRT/NUMERIC/TYPE.’ ,1.66)

C
crLL AGSTUP (Xl.l.l,ICPl,l,YZ,l,l,ICPl,I)
¢caLL AGBACK
caLL GSPLCL (4)
CALL DASHOC ('SSSFCS""',G,I)
Ce=m=~- PLOT CURVE 21 X1 vs Y2
CALL AGCURV (Xl,l,YZ,l,!CPl,—2)
Co~=~ CALL FRAME TO ADVANCE THE YRAME
[ CLOSE GRS, CLOSE AND DEACTIVATE WORKSTATION

CALL FRAME
CALL CLSGRES

Cawawr P L L Ll Ll Dol b

END
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